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Tuesday Morning, January 14, 1947 


1. 


~The morning was cevoted to a tour of Wright Field. Members and. 


guests of the Vision Committee were invited to inspect the human 
centrifuge at the Aero Medical Laboratory, and were given demonstrations 
of radar and other electrical flight equipment. Opportunity was given 
for examination of the instrument panel of a Be29, and for conversation 
with the pilot concerning his impressions of the instrument panel. 


Tuesday Afternoon 


26 


Se 


De 


6. 


8. 


9-6 


10." 


ll. 


‘Mr. Med. Warrick presented a paper entitled "Effect of Moderate 


‘The Chairman called for questions and comments concerning the papers 
presented during the afternoon. An abstract of the discussion is 45 


Captain C.W, Shilling officially opened the meeting with a few remarks 
to provide orientation of the special guests. He reviewed the 
history of the Vision Committee and outlined its activities and 


ODjeCtivess were n nner w nnn nna n new en ene n enn crm n wren m nae een meneame Te 


Dr. Paul Fitts presented a paper entitled "Visual Factors in Instru- 
ment Displays, Wright Field Projects" --<--n<<cnewnnnnn nen nne wenn cnnnena 1G 


Dr. Leonard C. Mead presented a paper entitled "Visual Factors in ; 
Instrument Displays, Special Devices Division, USN Program"----~-------17 


Dr. Stanley B. Williams presented a paper entitled "Some Factors 
Affecting Visibility in Radar Presentations"-----------0----2--e2-eeene 2h 


Mr. H.R. VanSaun presented a paper entitled "Factors Influencing 
Ebility to Identify Radar Targets annnnnn nen en nnn nnn nceenenenneeencenen 27 


Dr. Adelbert Ford presented a paper entitled "Visual Problems in ~~~ 


Radar Display" ----eeemnn simmer emm ener ennmenenenmawiwnngeenenecennnennae oe 


Dr. John Volkmann presented a paper entitled "Precision of Visual g 
Orientation in large Unstructured Display Fields" -~--------2-- enn enn 


Dr. John G. Jenkins presented a paper entitled "Psychological Princi= 
ples in the Design of Aircraft Warning Devices" --------8---<---0----ne= 


Posibive Acceleration (G) on Ability to Read Aircraft-Type Instrument 


Dial SRA aaa aaa aaa Tata ta ala tata taal teat 


Dr. James Peskin discussed physiological factors in the visibility 


and legibility of instruments--~--------------- ereaanensectisseiesenene Tal 


included in the Pr 060 d1Ng << ene rc ewer men nemnen eee eenn secs sen enenenmme 


ee a eee 


Tuesday Evening 

At a meeting of the Executive Committee an election of officers was held in 
which Captain C.W. Shilling was elected Chairman, and Major E.A. Pinson, Deputy 
Chairman of the Vision Committee. In accordance with the rules for operation of 
the Committee, their terms of office will continue until January, 1949. 


Wednesday Morning, January 15, 1946 


13. Dr. John L. Kennedy presented a paper entitled "Legibality of 
Verbal and Numerical Material Under Simulated Flight Conditions"----- 47 


14. Mr. WeM. Smith presented a paper entitled "Design Factors AfPecting 
the Legibility and Interpretability of Instrument Dials and Scales"-- 49 


15. Mr, Edmund E. Dudek presented a paper concerning the Purdue program 
on visual factors in dial and scale design----~------------~ wee enna ee 55 


16. Dr. Alphonse Chapanis presented a paper entitled "The Relative 


Efficiency of Direct-Reading Counters and Scales for Target 57 
Indication from Radar Equipment"------------- sihnuanetairatsnalenaatenaietenatentatal -- 
17. Mr. J.M. i. Christensen presented a paper pertaining to the design 
of scales for air navigation plotters -----<---0----en--= seinen econ ee 
18. Dr, A.C. Williams presented a paper entitled "Instrument Legibility 67 
as a Function of Dial Size and Space of Scale Divisions--<----------- - 
19. Dr. Walter F. Grether presented a paper entitled "Design of Clock 
Dials for Greatest ‘Speed and Accuracy of Reading in Military ral 
(2400 Hour) Time System ----- nen ene en eee en en ee eee ee -- 
20. Dr. Roger B. Loucks presented a paper entitled "Design of Visual 79 
Indicators to Provide Spatial Orientation™~~--=«——0—--=- all aslaelat lalate - 
21. The Chairman called for questions and discussion of the papers 87 
resented. An abstract of the discussion is inc luded in the — Le, 
TOC CC INE Smee me een new nee nnn an ee ne ee ae a a ee ee hehehe 


Wednesday Afternoon 


22. Mre J.P. Callahan and Lt. Col. C.E. Reichert discussed visual problems: 
in instrument 4 design----—— saree en oe a ee ee ee a ee wee eee meme mnn - 89 


23. Dr. Donald G. Marquis summarized the conference, An abstract of the 


summary is included in the Proceedings---------.--==-~ mmm ot oa ae we 
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~ VISUAL FACTORS IN INSTRUMENT DISPLAYS, WRIGHT FIBLD PROJECTS + 


Paul M. Fitts. 
Aero Medical goer icigh® Field 


ie Baie of Vision in Aircraft Equipment Design.’, 


“tn Peay it any, activities of modern life sre the visual judgement s as 
complex and the results of slow or inaccurate perception as serious as in flying. 
Return ‘to peace-time aviation has been accompanied ‘by -what appears to be an appal- 
Ling, number” ‘of accidents. Prédictions made last fall that this winter would see 
= ser ious ‘impairment of air transport service have been borne out. At the seme 
time research on: new military planes is pushing on.toward supersonic speeds and 
the threshold of human ability to perceive and reacts 7 


Ite Pilot rors in ey aed Instruments . 
Let me quote a few esoriptions of: difficulties: encountered in reading 


and inter pret ing existing instruments, as given. by pilots themselves, These 
descriptions are examples of replies to interviews in which, the following question 


.was asked: “Describe an error made by yourself or by another person with whom 
you were flying, involving the reading or -irtterpreting of some aircraft instrument 


**o "One: night when I’ was “instructing in a basic flats an, a cadet was 
given instructions to let dow for a landing. That was the last that was heard 
of him that night. The ‘next morning he called up from a point about fifteen 
miles from the field. What had happened was that he had started to let down and 
had read his altimeter as 1300 feet when actually it was 500 feet. He had 
crashed into @ forest and been knocked out for an hour or soe Afterwards he had 
walked “wey and finally gotten to a telephone." 


"A buddy of mine was flying at 1500 feet on looked up fen there was a bunch 
of trees in front of him. The funny thing was that after it was all over and the 
plane had crashed, he said: !Well, I guess I must have hit a tree'. The thing 
was thet he had read his altimeter wrong. It was really indicating 500 feet whicl. 
‘was . just the height of the "terrain at that boda? ‘ . wt 

Whig” ‘cadet started. plantas ind? spins at 18, 000 feet. “OF. course spins 
“don't bréak as fest’ ‘at, that-altitude. The cadet thought, the, ship. wasn't 
coming out’ of ‘the’ spine’ He‘ had’ been instructed: to bail. out, of. a: spinning ship 
if it ever’ got down’ to 3,000 fects! ' He looked at his. altimeter.and it.read 
13,000 feet. However,” he! thought" it read 3,000. feet and, bailed Outs . It took 
him. a long time to Bet down to old Mother Ladin We lost one AT-6 on that deal." 
— "On the: pear ee bie airplane, ‘there was’ a:  echaehen. with a “hand: and also 
“a small winddw’ showing the numbers: one, two, or three... It, was ‘confusing to read 
because: the window would register helf way between two. numbers, and you .didn't 
know where you' were. © A particular pilot: -that. I knew had, just. pulled out of a dive 
He gldénééd at ‘his’ instrument: pane? and thought he: WES. ndigat ing, 2700 RPM. 
He happened to glance down again and saw he was. register-ing,. 3700 ‘BPM, which was 
way too high. Before he = hai aa Psat i he had torn the inside of the prop 
right out." SP RT PAT 
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"The airspeed indicator in our B-24 wes numbered in ten miles an hour below 
the first hundred miles or so, and above that it was marked off in thirty miles an 
hour. This makes it quite difficult to read, especially when you just glance at 
it. While coming in for a final approach.once I glanced at my airspeed indicator 
and misread the instrument. I was supposed to have a hundred and twenty-five miles 
an hour, and my airspeed gotdown pretty avis Luckily we caught it before any- 
thing really serious happened." , ; $3 


* 


"One night when I was co-pilot on a.C-47 the pilot asked me how much fuel 
‘we had. I said, half a tank on the one we were running off. ofe. Thirty minutes 
later he asked me again and it still read half a tank. I first thought that 
something was ag. with the geuge. However, ‘I-discovered that what had 
happened was that I*had ‘been looking at the . carburetor eir temperature, which was 
directly below the gas gauge, The needle on the tempersture gauge was pointing 
straight up and down, and at night I had mistaken it for the gas gauge above it. 
It was stupidity on my part. | ae 


"This incident happened while instructing in At-10's. I had taken a stud- 
ent over to.an auxiliary field to give him instrument take-offs. About the 
third take-off (the other. two had been good = everything was under contrvi) 
I! Lined up for take-off ,..set. the directional gyro; turned the airplane over to 
the student, tol® him he was clear to go. ‘He started his run, and the air- 

. plane began to. gi. off to. the left just. a little bit. He misicad his directional 
gyro and gave it left rudde:, He started it out ‘easy to try to bring it back, 
pushing a little bit on the rudder, then a-little more and more. Then he got 
excited and gave it full left rudder. It cut off the runwey across the grass, 
hit the taxi strip, bovaced over the fence into the'air at a 45 degree angle 

‘to the normal a 


co: “The error I make most is misreading the artificial horizon. I read it 
backwards. When the wing is down I think the airplane is turning the other way 
a lot of times. I don't make that mistake so much any more but I had a lot of 
‘trouble with it when I first started flying on instruments." 


‘HII.’ Survey. of Current and Contemplated Research. 


In the past the Aere iiedical Laboratory has worked on many visual problems 
in equipment design. Ma-jc: Pinson, who is now a member of the Vision Committee, 
and Doctor Chapanis, who was stationed at the Aero Medical Laboratory during 
the war, have reported in the past on research on ‘stich ‘problems as:the develop- 
ment of aviation goggles, night vision tests, night vision training, vision . 
tnrough transparent .sections- and the relation between accident’ FRSC, and the 
Pe PF of enn out of cockpits of different type planes. 

At wrens the area of reeuanel on visual problems in ly ae | en at 
the Aero Medicai ‘Laboratory is being extended to include many addisional .prob= 
lems of instrument displaye, | he objective of all this work is to determine the 
human’ limitations: and poychological abilities of the man, so that equipment 
~ ean'be designed for most efficient human, usee Problems now being studied or 
considered for future study by the Aero Medical Labiieatony or Meene Lares 
hei hah ak che qhe tude the. bi ag ep gc oe . th 
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l. Sensory discrimination of brightness, contrast, color, pattern, and 
other stimulus qualities in relation to type and amount of instrument illumina- 
tion and adaptation level of the eye. 


2. Attention-getting value of different visual signals such as warning 
devices. 


5. Legibility of different dial faces, styles of numerals, instrument 
markings, graphs, maps, and charts. 


4. Interpretability of different methods of presenting information, such 
as various types of scales, different radar displays, techniques for representing 
three=dimensional space, and methods of showing the position of an airplane 
in respect to the correct glide path for a blind landing. 


5. Optimal relationship between instruments and between instruments and 


controls, such as problems of instrument lay-out or direction-of-movement re- 
lationships. 


In addition to these visual problems, of course, research is underway in 
other sensory fields, on the design of controls, and on more complex systems 
engineering problems. 
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VISUAL FACTORS IN INSTRUMENT DISPLAYS 


"SPECIAL DEVICES DIVISION, USN PROGRAM’ 


eed Leonard C, Mead 
| Special Devices Center, ONR ° 


As in any other situation involving the human individual in sensory st imu- 
lation, ‘perception, interpretation, and response, it is often difficult or even 
impossible to segregate the visual factors in the instrument display problem from 
other features which affect this ‘psychological Ghain of events. This is not to” 
minimize the necessity for the study of those features of one's physical environ- 
ment which stimulaté the visual mechanism along with the experimental exemination 
‘of the ensuing visual experience, but to emphasize the importance of considering 
this sensory phase as one aspect of a. program which will lead to the specifica- 
tion of: a set of conditions in which the individual can operate with maximum ease, 
‘speed, and efficiency. It is this latter broader program which is of fundamental 
concern to ‘the’ speaker and ‘his engineer ing. Golleagues. Needless to say, visual | 
problems receive a large tian dy * our: sttention. ‘ 


PIS 0G Golde tnd eectaley in order to explain the speaker's con-— 
nection with the Navy program. He represents the Human Engineering Section of © 
the Special Devices Center of the Office of Naval Research. The Engineering 
Branch of the Center concerns itself with the development of operational equip- 
ment and synthetic training devices. These engineer ing developments are in the | 
fields of’ navigation, armament, radar, flight and so forth, and the various 
séctions of the Branch ére so-entitled, The’ Human ih pinger tne Section is also 
in this Branch and is available for’ consultation or the administration of research 
so as: to provide psychological: information for use by the engineers in these ~ 
other sectionse Although: the’ ‘importance’ ‘of: coordinating equipment design with _ 
the- psycho logical” capacities and’ limitations of’ the" human. operator does not need 
to be: under scored’ to this’ ‘group; the significahce of such’ efforts has only | 
“ogmparat ively” recently Bren hte stood 24 the" ‘Services | at: M543 At, the Special 


ota 


detween’ ‘the electrohic,: nechanisal, “and design enginest s_ and ‘the: PayehoLoeL as 
phere’ is only’ one’ a err aspect to this ‘happy. arrangement, “namely, 
that the engineers expect the psychologists to have at their fingertips | knowledge 
about the sensibilities of the human being which is as accurate. and, precise. 
‘as the engineers" information conéerning gear backlush or. the relation between | 
‘weight required for a partici lar structural’ ‘strength. To the engineer it ‘appear § 
that a»person ‘trained’ in the’ biological sciences” should be. able. to answer 
easily the quéstioh; ‘what’ ‘is the* ‘pest | design’ and - ‘logation® for a radar. séope?” 
The’ speaker véntured *to-* assert; ‘however ‘that ‘a’ definite ' ‘and final answer to this 
question eanhot~be*found’ in thea sropriate publighed literature. The biologi- 
cally trained: itidividual’ will’ preface his fesponse by the phrase ' tit. depends". 
Indeed,*it does” dépend,. OM a? “dltipli¢tty® or’ ‘factors. Such as the size and bright- 
ness of signély” the: contrast’ ‘between’ signal and ‘surround, the | ambient illumination, 
{ ‘he ect fof estgnals, the use to" which ‘the’ information will be Puts the other. 
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tasks which must be performed concurrently, and the skill and level of training of 
the operator, and perhaps even on the general aptitude and personality of the user 


of the equipment. One may then ponder the chances for success of research in such © 


a field where there are so many interactions between the variables. The answers 
can be and are being found. These observations are being mentioned so as to 
demonstrate the nature of the conversations between the engineer and the psycho- 
spit when the former ad oath manos for advice. 

It is . the. 5 a es of the Human Engineer ing sontiod to ‘be ‘ih a. Es desde 6 
arrange the negotiations of Navy contracts calling for | research in the field of 
psychotechnology when. the engineering development under consideration. provokes 
_ questions of broad and fundamental significances. Obviously. this. state of affairs 
_must..occur continuously, and there now exist: approximately. ten different projects 
ate warious. colleges and. universities where research in, this area is. now under way. 
As.was previously noted, not all the problems are visual in nature, but it is a. 
pleasure. to note that.the papers being presented at these meetings by Drs. S.B.. 
-Willians, Volkmann,. Bromer., and. Chapanis represent research that. has. sprung in one 
way or. another from some of the.development., problems encountered by the Special 
Devices Center. Being in the embarrassing position: of. spending most: of his. time 
attempting to arrange for facts to be determined rather than ferreting out the 
answers for himself,. the ppgaker, is in a better position to PF one, bec 
rather than resultse “s ba a 


Gee the case Wi aircraft eee oe diet en Be atte ee pines pS oe are 
in. many ways. similar to those of the Army which have been reviewed by-Dr. Fitts. 
One of the projects being handled by our Flight Seétion is designated the "func- 
tional “cockpit”. . A mode of. attack on the, project has been to consider: the. cock- 
pit. as an empty. space adequate for the normalesized: ‘pilot and to add. only. those 
instruments and controls essential. to the functional operation:of the: craft.. Ar 
deliberate attempt has been, made.not to be influenced tyany previously.-designed. 
instrument or form of.control,::The job: of the’ pilot. of; present-day and: antici-: 
pated future models of military airplanes is. being analyzed in terms of those . 


sage 


activities which the pilot and. his machine should be expected. to accomplish. Prob- — 


dems of instrument design and- display are. then considered in.relation to the ~~ 
‘optimum | and.most direct way of. presenting this: essential informatione .The think- 
ing in this way has shown that many conventional instruments may not be needed. 
It has. also led to proposals for; types of instruments. which have. not: yet. even 
deen given engineer ing. songsderstion., SaPgatotheeh ‘nid sheaed, ei siekie ad sod 


One: OFS AES of this. ‘type. of. Peat ait os port faa: do Nestle gape gi bess we 
ments are designed to. give quantitative, information: regarding:one aspect of' engine 
performance, or. plane. attitude: when such detailed knowledge ‘is: not-requireds “An 
instrument, which. requires the: eye..to pick out-one: of: several, pointers, of differ 
ing size, length, - -or. color, and to relate. the: séleeted: pointer’:to one: of :several 
scales having various. markings.and.numerals can: sometimes: be replaced : ‘bya single 
signal. which. merely. indicates whether~a- particuler sondition' is’present or note’ 
In other words,. the. pilot. does. not. -always;need-to know "how «much" of: a particular 
phenomenon is oogurring but. merely.to: know. whether: or-: not: it is° occurring: to a- 
safe or dangerous _ degree. The. substitution. of indieator. lights or ¢olwred mark- 


ings along a’ scéle to show particular ‘conditions are illustrations of this princi-— 


ple. The Flight Section has recently applied the principle in the development of 
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a single box which gives this "all-or-nothing" data for six engine instruments. 
A single light represents each of the engine indications such as temperature, 
manifold pressure, etc. For each flight condition (take-off, level flight, 
glide, etc.), if conditions are safe, the six lights make up a horizontal row. 
If one item is unsafe, however, the light appears higher or lower than the rest 
of the row and practically forces its own detection. By such an arrangement, 
visual comprehension time is much reduced, and the pilot is enabled to use his 
visual processes in other ways. The application of this general technique is 
another illustration of the trend to simplify the sensory and cognitive features 
of instrument display by assigning to the instruments themselves the computational 
or assessment features of the event concerning which information is desired. 
Obviously, this complicates the engineering problems but simplifies the human 
problems in the man=-machine combination. 


In the field of radar and communication instruments, the Navy has taken the 
Combat Information Center as a point of departure for research on the place of 
the human individual in military information systems. At some stage in a system 
of this nature visual and/or auditory factors will cut across the speed or 
accuracy of solution of the events dealt with by the equipment. The Systems 
Research Project, which is attacking this whole problem, is conducting a number 
of experiments on those visual factors which relate to the detectibility and 
legibility of radar signals. Personnel engaged on the Project will present some 
of their results to this group later on the program. Other members of the staff 
will describe further aspects of the work in the field of scale and dial design 
and location thereof. 


A final consideration concerning research in this general area should be 
presented. All too often the question of visual factors in instrument displays 
is raised with respect to a specific engineering design problem for a particular 
military situation. The solution of these immediate day-by-day issues is, of 
course, important. But it is hoped that the research investigators who concern 
themselves with these matters will endeavor to discover and enumerate findings 
which will have general application to instrument problems at large. If this 
bfoad attitude can be taken by those who are working, for example, on the ovtimum 
design of navigation instruments for aircraft, it may be thet thcir’ findings 
can be generalized to cover similar questions for other types of -installations 
where instruments of related design could or should be incroporated. 
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SOME FACTORS AFFECTING VISIBILITY IN RADAR PRESENTATIONS 


Stanley B. Williams 


“ 


Johns Hopkins University (Navy) 


Primary At present, our research is directed to those factors which affect 


Variables the visibility of a single target on a Plan Position Indicator. 


- For a.complete study of the conditions of visibility, we would 
need*to control separately the following variables: (a) Target brightness; 
(b) Target size; (c) Definition of.targets, ise., rate of change of. contrast; 
(a) Background brightness; (e) Background composition (clutter); (f) Duration 
of targets. 


In radar set-ups none of these is normally under direct control. Instead, 
each is dependent jointly on a large number of secondary variables, which derive 
from the nature of the circuit or of the conditions of operation. The manner in 
which they interrelate in the production of the primary or visual variables is one 
of the goals of our research. Our present equipment is suited for studying only 
somie of these inter-variable relations; equipment now in construction will, it 
is hoped, permit study of nearly all of thems Up till now our:‘experiments have 
related visibility to secondary rather than primary variables. Nevertheless, 
some data-of value can be obtaineds As examples, two sets of studies will be: 
presented: one dealing with visibility and intensity; the ying with visibility 
— anon air: afar witatbel tect 


“tp if abe » VISIBILITY AND INTENSITY: Effect of CRT Bias ne 
i a veidwen: whee: ‘are many factors which affect the brightiiass’ “of a PPE j scope, 
nA bias: ‘placed on the. control grid of the cathode ray tube is ‘the main: intensity 
contréls «Since it is negative, the less the bias, the greater is: ‘the bon ‘DR; 
electrons bombarding the phosphor on the face of the scope and, therefore; 
the brighter is the scope, at least below a certain limit at which the phosphor 
becomes saturated. The relation is not linear, but over a wide range it may. - 
approximate linearity. .Brightness measurements, by a somewhat inexact siabbeti 5 
have béen.made.of the sweep line, ieé., the integration ‘of ‘succéssive «pulse 
echoes, on &-standard: PPI scope with “Fy phot s “Meastrements to date indi« 
cate a’ rangé:of.. ‘approximately 100 to 1 x 10-4 millilamberts’ from ‘maximal §-*:.°: 
excitation: to the lower limit likely to be used in radar operation for ‘this 
particular scope. This range represents a Tange in’ bias voltage of approximately 
12 voltse Over perhaps half of this range,’ ies,’ ‘for a din scope, the. assumption 
of lintarity. for the. brightness-yoltage function would not be appreciably in | 
error for practical. purposes. This is. ‘the half-range’ corresponding: to inane 
operdtion»: Within this range, a change of one’ log. unit in brightness: is. 
accomplished by .a change of about. one volt ‘of Lag bey ibshesd visibility, lana, 
aie Pate is. of. i Fait oo Were OP te oda SoeO ee: @ | Po Seni: ae 
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When grid bias is high, the scope is dark and a target echo is seen as a 
light pip on a dark ground: the minimum visible pip is comparable to an abso- 
lute threshold. When bias is lowered, the minimal pip is seen against a brighter 
background and the visibility scope is comparable to a differential threshold 
for brightness. Decreasing bias, of course, increases proportionately the 
brightness of every voltage admitted through the video channel, including 
noise and fixed echoes such as sea return. It does not affect the signal-to- 
noise ratio. ’ 

One would expect the greatest physical contrast between target and back- 
ground on highly biased scopes, so long as the bias level were still within the 
linear portion of the brightness-voltage curve. One would also expect a decrease 
in contrast as the bias is lessened to the point where phosphor satwration 
effects occur. One would, therefore, expect that optimal visibility on @ scope 
would occur at the lowest bias (highest brightness) possible without ‘phosphor 
saturatione 


Results Experiments have confirmed the prediction. In every type of cathode ray 
tube yet studied there has been found a biasing voltage which is optimal 
for visibility. This voltage is low and. probably is just short of phosphor satu- 
ration. Some results for a 7BP7 tube are shown in Figure 1. The abscissa 
values are volts relative to a visually determined reference voltage. The ordi- 
nate is an arbitrary visibility scale, units being decibels of attenuation of a 
reference voltage. : With attenuation units, the higher the score, the lower is 
the threshold. It is clear that steadily decreasing the bias gives continuously 
better visibility up to a maximum, after which further lowering of the bias actu- 
ally impairs visibility. The data of this graph were taken with a noiseless,” 
relatively homogeneous ‘backgrounds ay x 


| oThe: data..of. EAgure | 2 were taken with vary ing, cnniiite ae. video noise, from 
anene ths 1453 yolts- ‘rms, ,which introduces clutter into the backgroulds: th spite 
ef noise, the function. remains. remarkably similar... ‘The maximum > ‘still evident 
in each.of the. noise curyes,- It should be explained that the™ “noisé! w we &re- ‘using 
has. two. effectst.:.; (1) St. adds brightness _ to the screen; ‘and? ( ¥ fe tends” £o° il 
introduce an-element of. form discrimination into’ the. visual task Both: of: these 
effects. conan den tento: the loss in. mhahyh iy produged, by noise” on, en Sy 
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Tes hai interesting $6 note: that. at certain. higher. bade levels’ rt 1%. rotsible 
for noise. to be, an. advantage rather ‘than a disadvantage. Tn. Figure’ Ee. bess. 
visibility scores. for, the: 20 volt, bias are best when a medium amount - or noise’ 
is on the. scopes, This no doubt. is due to. the brightness added by. ‘the’ noises“ 
Further, dt. is, to be noted thet, noise. becomes less eritical as a deterliner, of, 
visibility: as. the bias is Aperea8ede ee Hie 

t 

Besaiee; “of. aifficulty. ‘id Beouretely fneasur ing ‘the a voltage, we hav : 
no great confidence in the absolute eh scissa values in Figures i and * By" “They 
are meaningful only on a relative scale. We now use a ‘visually ‘determined’ 
reference point as the anchor of the scale, namely, that bias voltage which 
allows the sweep line to be just visible in foveal view. As checked by an 
electronic photometer, this reference point, visually determined, appears to 
be a very reliable value. It is the zero in Figure 1 and represents a bias 
not far from that which is commonly employed by radar operatorse 
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Conclusions The bias voltages which give the. best visibility. are. not the . 

higher ones. Although high bias makes for greater contrast, it 
does not make for greater visibility, ‘The explanation must lie in the eyé, and 
not in the scope, Physical measurements indicate that the optimal bias: for the 
7BP7 tube represents a, scope brightness of” approximately’ one millilembert.. ~ 
Reference to the. Tiffany data reveals that this’ is a brightness level just” ivort 
of that at which contrast sensitivity of the eye ‘is maximal, for targets’ of: this 
sizeg In other words,. sensitivity of the. eye cannot be the limiting factor. 


- Higher bias voltages than the optimum represent brightnebsés at least two dr’ 


three log units below this, i.e., a range of lew contrast sensitivity for the eye. 
Lower voltages than the optimum are less fayorable for target “detection, ’ not 


mi because they represent brightness too great for the eye, but, because they 


represent the limits of excitation of the _phosphor in the: scopes Therefore; it 


appears likely that the lefthand part of the curves in Figures i and 2, “hemely, 


‘the increase in visibility with: decreasing bias, is a function of the sensitivity 


of the observer's eyé, whereas the right-hand part of the curves is a function of 
the sensitivity of the phosphor in the scope. 


° 


,. VISIBILITY AND TARGET, SIZE 


With present equipment, the length and width of a target cannot be varied 


Riidependeeely of other factors affecting visibility, but some aspects of target 
size. ¢an nevertheless be studied indirectly in four differ ent ways? 


..l. Varying distance of eye from scopes ‘This changes both dimensions of the 
“target... ok eee 


on 2s Varying the range scale of the remote xuaseator’. This changes ‘the 
_. width without affecting the target's length. . It also changes “Se 
scope brightness, for which a compensation may be made. : 


3. Varying the angular beam width of the radar. This aoe the ae 
length of the target, i.e, its greater hoes ee et without atroct’ 
ing we 


4, Wegetes the ‘range. position on the” scope. . This changes ie Lerigth | DINK 
| but not ‘thé ‘width of the target. Fowever, as length increases: by a 
“this method, target brightness. decreases, ‘because the increased length | 
is ongegu tighee, by: spreading a unit, ae over greater areaie 


Bach of these Pat ee af wl bok’ ‘target lige has been studied, using a 
stationary target on a PPI scope ‘coated with a P7 ‘phosphors Antenna rotation 
rate was constant at 10 rpm; pulse length was 3 ‘mi¢roseconds} and pulse repet- 
ition frequency, 600 per second. A method of adjustment was used in determining 
thresholds. 


The results are as follows: 


es : errs 


Meta Aa Bfifect: of: distance: SreE £8 SEOPEs,.; +, sonst ae xgsltgt gee ies doe 
Soy eon 3 Aare Angee? ml 

a+ Observations were-made- b dnaatlids ates the: eyes: at. 6. dnghes: and, again at 24 
inehes’ viewing distances: The target.was. 20, degrees. in, anguler length on, the BCope, 
A compartitsof: oft the: 6 and: 24: daoh viewing distances. was. made under’ each: ‘of e% ight. 
cbinbimatiodns’ - of; three conditions: , (noise; and no, noise’ (video) Tow. and high | tube 
bikes, t.e0y high end low.seope, brightness, illuminated and. ‘non-illuminated scopes 
(external.. illumination, nt about..8 foot. candles )., + At, A inches . the tarzet. subtended 
an area about: 43" -by 6° pat AA dnghes, Abs, PRR, Wes. about . ily t by. pote’. * 
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Sesyles. iouuie i taiaetaate quakes” visibility, ‘of nay 6 inch distance’ ‘in em out 
of the 8 comparisons .«:, The, largest,difference was 8.3. ‘decibels. of signal power, ob= 
taingd-<with-e'dark scope,:.no. video .noise,.and no. external illumination, me very near 
lyythe:. condition ‘for. .determining.the abselute ,brightness threshald, - ‘Probably ‘ail 
yout tthe -two usmatlest differ ences are significant; weriability As ‘such’ co £0 Place 
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These .deta. indicate thet: when the, ciser imination task, is one_ of. discrimina- 
ting brightness: differences, only; the; factor, of size is. important, : “but can be- 4 
come negligible relative ‘to. other, factors such as noise oF, pxternal illuminetion. — 


Method aie sites of range. scade 4. ta bw said 
mera" & " “ito he tea er 
Using a Sivoo’ of 20 degrees cuedier "deen on the scope and a bright scope 
background, with other conditions constant as before, visibility was determined 
under .five ‘conditions of magnification.of the..width dimension made possible by 
the five range scules available on.a remote indicator; the 4,..10, 20, ‘80 ‘and 
200 mile ‘scales. Witth.a 3. microsecond ,puls SE»; the, angle. subtended by. “the target's 
width dimension at :12 inches.distance varies from ect for tne 4 mile scale to 
2e2' for the 200 mile ddnted Ths target's length measured 142 on the scope, which 
amounts ‘to about 20 at the,12 inch viewing distegace. Presented in Table 2 are 
visibility scores for-beth-noise and no noise. conditions with & fairly ‘low 2409R¢ 
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Zable 2 


Ae ty on bit ferent Range Scales. Scores are db of Attenuation of a 
Sar ; 2 - Reference Signel vo Mine 


Range Scale 
(Miles) 


No Noise 


Noise 


There is an average loss, for all conditions, of about 9 db of signal 
power -insgoing from'the:4 to:.the 200 mile range scale. This: loss must be 
sislargély’attributedstosthe marrowing of the target width, becausezthe: several 
-¢dnditions: were’ approximatielyiequated for brightness by:: a.visualimethod. If 
brightnhesstis :not.equated,’ thexloss in brightness eliminates the: advantage 
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Method 3. Effect of Target Length 


Several experiments on the effect of length of the target on its visibility 
have indicated an increase in visibility with greater length. We have not 
tested the limits of this effect because as yet we have not been able to 
secure targets shorter than 12° on the scope. However, from 12 to 60 degrees, 
there is continued improvement in visibility amounting to about 10 db of signal 
powers 


Method 4. Effect of Range 


As a target is increased in range it moves from the center of a PPI toward 
the periphery, gradually becoming larger in angular length. However, the increase 
in length is accompanied by no change in total signal-energy. The Same energy 
is simply spread over a larger area, There is, therefore, a corresponding loss 
in brightness, All experiments thus far have indicated no effect of range on 
visibility, other things constant. As an example, one set of data is presented 
in Figure 3. The ordinate is a visibility scale, and the abscissa the distance 
from the center of a 7BP7 scope which has about 3 inches usable radius. 


When noise is present, thresholds are more variable. We conclude that the 
constancy of visibility at different ranges is brought about ” an exact com- 
pensation of brightness decrement by area increment. 
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Conclusions With present experimental equipment we cannot separate, one by one, 


each of the primary size variables from the complex of other variables. 
In varying width of target, we also vary other aspects of the eircuit,which in turn 
affect brightness, form, or some other dimension,, Nevertheless, the combined 


results of several studies permit certain conclusions: 


(1) The area of a target. pip appearing on seven-inch scopes at normal 
operating brightnesses is of such order of magnitude that. both its 
length. and width are variables significantly affecting eleiht ity 


“we now havee 


‘The larger the Pips the ceed 7" what eevee 


” The cathode rey tine. is ‘a wraplay devise which fe cae compensates 
Therefore, the effect of 


many area changes: by brightness changes. 
size is not always pememately apparent. 


The Limits within which, Amereases in target brightness can 1 compensate 
for small area, or conversely, increases in area can compensate for less 
can be determined for eny given type 
sAn exact determination will require. ‘somewhat. ‘better — 
control of circuit variables; that is, better experimental. equipment than 


This equipment ts now eying assembled encase) be ready for 
Nee | in. the near futures ura | | 


brightness (as with weak signals), 
of radar scope. - 
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CRT BIAS IN VOLTS 
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Figure 2 
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EFFECT OF RANGE ON VISIBILITY OF TARGET 
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FACTORS INFLUENCING ABILITY’ To IDENTIFY RADAR TARGETS 


H.R. VanSaun . 
*: Aero Medical Laboratory, Wright Field 


- 


Introduction. 


The study which I am going to present today concerns the comparative 
speed and accuracy with which targets first presented on a radar navigation 
scope can be identified on two types of radar bombing scopes. It has been 
pehitished as Memorandum: Report No. TSEAA- 694-5," 


The factors influencing an airborne radar operator's ability to identify 
radar targets may be grouped under two héadings. First, the observer must be 


able to recognize the various patterns of light and shadow on his scope for what 


they are. The various. terrain features are represented on the scope as 
gharacteristic returns. Water gives practically no return; islands on water 
appear as bright returns against the dark background. Built-up areas on land, 
such as towns, appear as bright areas against a less light background. Rivers, 
lakes, and inlets appear as dark areas with bright lines representing the far 
shores. _ Mountain ranges appear as bright areas with shadows behind them. Bridges 
‘appear as sharp bright lines against the dark water. Factory and business areas 
ordinarily give brighter returns than residential areas and less built-up areas. 
Because these terrain features differ considerably, the task of deciding whether 


a -@ return represents a river, lake, town, or mountain, is usually not difficult. 
R : Occasionally there. is some problem as, for example, deciding whether @ return 


4is,a. bright, cloud, or. a town. Specifically identifying a return ores it ‘hes 7 
~been-necognized 28. r town, however, is a much more difficult taskand! introdices 
the second group of factors affecting target. identification. By" rioting the! 
size, shape, and brightness of the return, the radar-navigator is “sometimes: 
“able to, identify or. name it by comparing it with his chart. Frequently, however, 
gree ony ;fr,om., towns..do not have characteristic shapes or sizes ‘forall: angles and 
altitutes of approach, ‘and identification is possible only ‘by “the “pattern which 
the radar echos.form in terms of the distances and béarings between ‘them +: 
patterns which are recognizable on the navigator! s charts Similarly; - CHE ts: 
bombardier,'s; identification of aiming points within towns or target areas, 
crucial..to accurate. -bombing, is largely dependent upon the tg best ‘the aiming 
pean: reletane. to other elements in. the’ target ares. sf 
Gertein, similarities in ena job of the’ Paddrtiivet gator : ane’ telbabatiar ‘have 
just: been: mentioned. Other aspects of the. task’ of navigating: and: ‘bombing by 


“radar differ considerably. As a prague), instrument, it has’ been assumed 


thatthe radar scope should. present, a lisplay of as great an area of the terrain 
‘around the. aircraft. as possible. The inclusion of azimuth or’ north stabilization 
ins the, equipment. causing the. scope display to be oriented with north at the top 
has; also: been regarded as. a. desirable characteristic. ‘for navigational: use, in- 
asmuch as such an arrangement, enables ‘the’ navigator: ‘to transpose the radar dis- 
play ‘directly to, his north. ‘oriented maps. For’ béinbing’, however, | only the: target 
area is of interest to the bombardier. ‘This ared, it’ 4s ‘priesuitied,: ‘should be 
presented as large and with as much definition as the ‘equipment ‘is capable of 
producing. Moreover, it seems desirable for bombing that the radar display be 
oriented to the heading of the aircraft rather than to north as is the case for 
navigatione LEV 
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Radar installations for the two jobs, navigation and bombing, have generally 
been designed in accordance with these assumptions. 


The advent of new high speed bombardment aircraft where design characterist- 
ics seriously limit the space available for personnel and, thus, require the con- 
solidation of the duties of navigator, radar operator and bombardier into one 
job to be performed by one man, has raised certain problems regarding the design 
of the equipment to be so usede Two such problems are - first, what type of 
radar bombing presentation makes for the most rapid and accurate. identification 
of targets first presented on the PPI navigation scope, and second, what is 
the effect on the speéd and accuracy of identifying targets when the PPI scope 
is north stabilized and the bombing scope:is heading stabilized. : It is with 
Ehese two problems that the present study is concerned. 


Bomb ing Scope. Interpretability piudy.e 


ca of 


, In attacking the problems of ‘the optimal’ ponding ope to tie? awabaiah: cone 
junction with the PPI scope, prototypés of thie two-basiv: display systems). 


gartesian | grid. and poler grid, were compared on the’ basis of the ‘speed and:~ 


“accuracy. with which targets presented on the PPI stope’ were recognized -on’ ate 


“ 


bombing, ‘Sgopes In attacking the problem of the effect'on effictency of, shifting 


Reo. ‘attention from a north stabilized PPI scope to a heading by re ec ag nanny i 
“SCOPE & “comparison was made of the speed and accuracy with which targets: ; 


were’ recognized when the scopes had the same orientation, ‘anid when the. navigation 


Beat was, Herth stabilized and the bombing eae wa's Heading | ‘etabsliveds: “ 


ate misleads” ‘indicated by letters, ("8° °" 428 BG ae ae : 
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A test™ was devised utilizing 200 péire’ 6B cbepestaly sonatradted: étialated 


i radar. ‘S0Ope. photographs. One member of each:pair’ consisted’ of a PRE ‘navigation 


scope. photograph with a terrain feature ‘indi¢ated as ‘a ‘targets -:The other member 
of the paty, was a ‘bombing scope photograph? with the same target: ore ser pe 


ra 
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The’ test: was” ‘organized into four: farte ‘and’ ‘aki ntetereeey! Pour groups: of 


iy sul jpalee’ ‘each to obtain comparative’ data’ on: the two. bombing: soopes-under. 


bombing scope photographs. Part 2 consisted of PPI scope photographs identical 


“photographs. Part 3 consisted of north stabilized PPI scope photographs follow- — 
ed by, heading stabilized polar grid bombing scope photographs and. Part 4° 


SI by; ‘heading stabilized cartésian grid bombing. scope: photographs... Each of. the 
_ 48 ‘subjects took all. four’ parts of. the.testis “For each :item they were required 
td study the target indicatied” ‘on: ‘the PPI. ‘photograph and: then turn: to the... 
bombing - ‘scope: photograph, locate’ the terrain ‘feature they believed was the . 
* target,’ and mark their answer § ‘@ocordingly.: “They were not allowed to turn. 
.. bagk tothe PPI photograph. © SERGE, be adovigia: time limits pen aE ae for 
- eadh ar of the. test. gh Vedio thees Soa Ck Belk ihe. SPS eons, Be 


conditions of: (1) both scopes being heading stabilized, and (2): ae oe bedng 
north stabilized and ‘the: bombing se dpe: sd pe rieres.% wtabitiseds we Rae 


>, “Bhen: lage of the test contained 6O-items >. Part 1 codaitatida. of Mawtaien 
stabilized PPI scope photographs followed: by heading stabilized: polar. grid | 


to those in Part 1 followed by heading’ stabilized cartesian grid. bombing scope 


; 
consisted of PPI ‘scope photographs’ identical to. those used -in ‘Part: 3. DoVewsd ‘ 
4 


f Ww | 


“ees wee ey “ reg, a er ae. mas an’. rf - 
ails 4 ES Se & i's be PARC Ops otk RR si é a eee 


> ae 


* been Fa . ry hey ‘ els : 
. rm he whl 5 $e ee we ey we r : » os 
: ih Sure tm cal tee Aa et 


esd) 29 


The results of the administration of this material were analyzed in terms 
of the number of targets correctly recognized on the bombing scopes and in terms 
_of the number of errors in target recognition within the time limits of each 
part of the test, The result of this analysis definitely indicated that in 
terms of the number of targets correctly recognized, the polar grid bombing scope 
is superior to the cartesian grid bombing scope, bothwhen the PPI scope and the 
bombing scope have the same orientation and when the scopes are differently 
oriented. One of the critical ratios between the means for this factor is 
significant at the 1 percent level, and the other is significant at better then 
the 5 percent level. | 


The data concerning the number of errors in target recognition are not 
as clear cut only the critical ratio between the mean number of errors when the 
bombing scope and navigation scope have the same orientation is significant. 


However, the other critical ratio for error scores on this variable is in 
the same direction. Taken as a wiole these facts tend to support the superior 
interpretability of the polar grid beombing scope. It is believed that the super- 
ior performence exhibited with the polar grid display is due to the fact, that 
it expands the image of the terrain proportionately in all directions, thus, re- 
taining the original configuration, whereas, the seemingly advantageous horizontal 
expansion of the cartesian grid display results ina distorted image that suffi- 
ciently masks the original configuration of terrain features so as to make 
them difficult to recognize. 


The data concerning the effect of PPI scope orientation on bombing scope 
interpretability presents a similar picture to that just discussed. In terms of 
targets correctly recognized, the situation wherein both PPI and bombing scopes 
have like orientation is superior to the situation when the scopes are differently 
oriented. More targets were correctly recognized in the former situation on 
both types of bombing scopes, the critical ratios all being significant at the 
1 percent level. The error scores are again less informative. Only the critical 
ratio between the number of errors on the polar grid scope shows a significant 
difference between the two conditions. Taken as a whole, the data indicate 
superior performance with displays having identical ofientation. This is 
to be expected inasmich as the change in orientation of bombing scope, manifest 
when it is heading stabilized and the navigation scope is north stabilized, adds 
but another confusing factor to the altered figure-ground relationship 
inherent in the problem of shifting the attention from one scope to the other. 


Conclusions. 


The results of this study, then, may be taken as "partial" evidence that 
when an operator is to serve both as navigator and bombardier, it is more 
efficient to present radar bombing information on a polar grid bombing scope than 
a cartesian grid bombing scope, and that the operator will be more effective in 
interpreting the bombing scope when it and the previously presented navigation 
display have the same orientation. I say “partial” evidence because some other 
variables, such as the effect of simultaneous presentation of the two scopes, 
should be investigated to complete the picture. Investigation of these variables 
is planned for future research. 
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“VISUAL PROBLEMS IN RADAR DISPLAY 


Adelbert Ford, Lehigh University (Army) 


Because of limitations of time, I shall presume that you are all familiar 
with the appearance of standard radar scopes, including B-scan, PPI, and sector- 
scanning types. 


The Lehigh contractors with the Army have undertaken those special problems 
which have to do with complex radar installations used for the ground control 
of planes making blind landings in fog and other conditions of low visibility, 
heretofore designated as GCA. The operating model now in use requires two, PPI 
scopes, at long and short ranges, two sector scopes for azimuth at 10 and’2 miles 
range, and two sector scopes for indicating elevation at 10 and 2 miles range. 
This system requires five operators reporting information and a control man 
who “talks the pilot in" by a two-way radio voice channel to the plane being 
landed. 


New equipment is already in the preliminary-model stage. It has been 
proposed to reduce this five-man team to only one man who must execute all the 
functions originally performed by the five men, if possible. This is in the 
interests of economy of personnel, reduction in space and weight of the radar 
installation, greater portability for Army use, and a reduction in coordination 
problems among the various operators of a complex system. Obviously the new 
systems seem to involve possibilities of psychological hazards when one man is 
requiredi:to digest the significance of several forms of presentation. This is 
not quite as bad as it appears, at first glance, since the engineers have already 
succeeded:in bringing the various presentations into a more compact area of 
visual observation. The new equipment will probably require the following 
factors in the performance of a radar operator: 


New Operating Requirements 


et Spatial judgments reported directly from scope observations. (Formerly 
an operator merely tracked a "blip" with a hair-line cursor, and deviations were 
read oe a. nor meter by another operator 4) 


G. 


y 


2g ilebuneiig signals prompt ly in the presence of “ground clutter" and 
“erass." to nvenane contacts. This is an old problem, but an urgent one. 


Be Detecting fhe direction of movement of a signal prompt ly and altaMEbatic 
the next probable positions. 


4, Making accurate judgments of space and direction from "blips" of 


variable shape, intensity, and size. (Some of the blips are round, some oval, 
some shaped like a dumbell, some bright, some dim, etc.) 
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5- Judging the movement relations of two or more targets going in different 
directions at various altitudes, various azimuth positions, and various ranges. 


6. Reading and reporting from a number of scopes in rapid succession by a 
single operator, as PPI, azimuth, and elevation. 


7 Reading epesies values from superimposed scope scales. 


8. Keeping visual orfentation when. coordinates are rotated, probably ‘90° 
from normal position. 


9. Detecting improper focusing of CR beams, to improve scope resolution as 
needed. | , | : 


10, Adjusting gain botitFoia to keep maximum discrimination between target | 
signals and other signals are needed. 


BT] 


Psychological Problems 


1. We shall be required to measure and know the relative accuracy with 
which any well-trained operator can report spatial deviations of a signal from 
a superimposed “glide-line" on a sector scope. We already have reason to 
believe that these reports will be influenced by tendencies toward optical ill- 
usions due to perspective habits, oblique lines (Poggendorf slinalgite and warps 
of judgment: involved in the classical laws of filled aren unfilled spacess This: 
may’ feee an: hea © scope design. Ete! 

a tienes ie Saal aly must be made with representative uber drone! pra 4 
rete ‘The, typical job, simulator, with artificial screen and target: signals: id 4 
“usually givesiuniform "blips" and clear patterns of movement with ll: of the’: 
real f hpcinegig Ne ne sAE AS omitted. This only leads toe a sterile jecaaaiee 


Ses haey 
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3. We should study the conditions which lead to the visual 
of movement on a radar screen.” Wé need to-know the influence of various 
degrees df.screen: “persistence (phosphor egcence ) exper imenta} ly. ~ need, te 
know’the.‘angulan..error. from megaurad datas pate Oa Be res a To F84 

4. We must be able to measure the effect of signal variability, as “it! 
occurs ‘under. réal: conditions. Again, we cannot use a job simulator which 
presents artificial signals and: interference effects. Until the ‘engineer “can ' 
give us a radar set which presents a row of uniform blips, we must use the © 
are Of signals,;round,. oval, dumbell shaped, bright, or dim, which an operator 
will have to use, or we shall not have accurate: measarements of visual ater 
oriming ees 
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5. Since one operator will have to keep his visual orientation for several 
targets, we must measure the accuracy and reliability with which a well-trained 
man can execute such.a multiple task, and we must try to determine what 
conditions will make for the complete exclusion of errors. In directing the blind 
landing of a plane the operator simply cannot afford to make even one mistake. 


6. Since the,proposed operator will be required to read and interpret two 
or more presentations in rapid succession or alternation, we must measure the 
effect on accuracy of reporting when attention to one interferes with attention 
to the other. This is a psychological complication experiment, with human lives 
as the stake. a 

7e Sinee this operator must now report spatial distances directly from the 
"ge lide-line" of a plane landing, superimposed on the scope, we must experiment wit! 
various types of scope scales which wae certainly make the job simple and free 
from optical illusions., 


8. . Since an operator will be required to visualize the pilot's position, 
no matter what the position of the coordinates on the scope, in order to direct 
the pilot in a blind landing, we must find out who can and who, cannot do this. 
In other words, how accurately can this radar operator, entirely from his scope 
signals, imagine himself sitting by the side of the pilot and talking as if he 
were: facing. the landing strip? We must have tests of such capacity. to reorganize 
visual space ~* orientation, and it will be better if these tests are in the. 
form of real scope situations. 


9. Some of the problems deal with the more simple factofs in visual acuity. 
The operator must keep his scope focussed and adjusted for best discrimination, 
Again, the best test will be the one which uses real scope patterns. 


10. It has been observed that when scope signals, of variable physical 
intensity, are raised to a brilliance which is too high, they all look as if they 
were of the same intensity. This is merely an extension of an old pscho- 
physical law with reference to the upper limen of discriminability. But we shall 
be required to test an operator's ability to avoid this cause of loss of signal 
differentiation. Note paper of Dr. Williams for biasing results of scopes. 


The Experimental Goals 


I have already indicated that some of these problems simply cannot be 
studied by means of a simulator with artificial blips and scope patterns. We 
must have the closest possible approximation of the real thing. Yet it is also 
necessary to be able to present standard problems, over and over, to the same 
subject or different subjects. 


It is for this reason that the Lehigh group is attempting a new simulator 
which is expected to work on the basis of a photographic record of real radar-~ 
controlled blind landings.’ Such a simulator has been attempted before, but 
we hope to achieve the avoidance of past errors. This one we believe, will 
have the following points which are necessary for complete realism: 
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1. Experimentally varied scope persistence (phosphorescence)... . 
2... A sharply visible sweep line, as in a real scope. 
3. The blips and ground clutter from an original real situation. 


4, -A scan-rate exactly matched to the original record. be 


er 


5. Control of plane deflection from a superimposed glide-line. 
6. psa dle dah ac ae Br scales for measuring spatial judgments. 


iP daecs es of signal intensity, for the whole field, owe not for any 
single part. 


8-6 OEE OF. of focussing resolution on the screens 

No. {asaletis is free from imperfect rendition of real pened. This is 
satan: an attempt to get closer, It is the only way in which we can work-in 
such ‘4 manner .that.we can hope to present close approximations of the stimulus 
«* situations : ‘required. for. angwer ing. the foregoing visual problems... The construction 
of: the, device: is. snow. about . 90% ‘finished, and the photography of field rung has, 
already begun, with four ten-mile azimuth Fecords' ‘free Frry erage ger 
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ABSTRACT = e 
PRECISION OF VISUAL ORIENTATION IN LARGE UNSTRUCTURED DISPLAY FIELDS 


oS Tee yer ve John Volkmann. 4 

piel a: Mount : ‘Holyoke — Clexy), 

‘Some military situations call for the rapid estimation of such quantities 
as the bearing-of a target and its range, course, and velocity just as soon as” 
a ‘few successive positions of the target have been plotted on a large display — 
field. Speed is more important than accuracy; there may be no time for the 
making of precise measurements with human assistance or mechanical aids. What 
can the personnel observing the display do rapidly and without assistance? 
There is need for basic information on the discrimination of visual angular 
orientation, visual extent, and similar variables. The present experiments have 
dealt with the discrimination of target bearing, opr angular orientation about 
the center of a circular display.  — 


Obviously the estimate of target bearing in any practical situation will 
be aided by a set of bearing markers on the face of the display, But because 
the human subject comes to the experiment equipped with his own.vigual frame 
of reference, consisting at the least of the subjective horizontal and the 
subjective vertical, and because it was desirable to determine the effect of 
adding bearing markers one by one, the study began with no markers at all ~- 
an “unstructured” stimulus-situation, | 


In the first experiment, 33 female subjects sat within a wedge-shaped seat- 
ing area in the rear of a dimly-lighted auditorium, and viewed a 4-foot circular 
display=screen suspended vertically in front of them. The plain black frame of 
the screen stood out against a large white curtain, which covered almost the 
entire end of the auditorium. The display screen was suspended by fine, non- 
visible wires; there were no distinguishing features in or about the screen 
which would serve to mark off one presented bearing from another. Once every 
6 seconds a line of light 56 cm. long and 4 mm. wide appeared on. the screen for 
0.5 seconds. One end of the line was located.at the center of the screen, and 
extended almost to the frame of the screen. The subjects were instructed to 
estimate the apparent vertical as 0 degrees, the apparent horizontal as 90 
degrees, and other angular orientations in accordance with these; to designate 
lines inclined to the left of the vertical as negative and those inclined to 
the right as positive. The actual presented bearings ranged from -10 degrees 
to plus 100 degrees; there were 35 va quer of bearing in all. 


When the means of all the estimates of all the subjects are plotted against 


the presented bearing, a surprising accuracy of estimate appears. The mean 


errors at most presented bearings are less than 2 degrees; the maximum error 
between O degrees and 90 degrees presented bearing is 4.97 degrees. The 
individual estimates of individual subjects vary widely, however, at most 
presented bearings, and the well-known round-number tendency appears. At zero 
degrees and 90 degrees (vertical and horizontal respectively) this variability 
is greatly reduced. There is some reduction in variability, though much less, 
in a broad range of présented bedrings’ centering about 45 degrees, Analysis of 
the mean errors in estimated bearing ghows highest accuracy at or near O degrees, 
90 degrees, and 45 OoHt wets 
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A subsequent experiment employed ‘shorter lines, one being 14 om. long and one ~ 
only 4 cme longs. Qnly a small increase in the. variability of estimate resulted even 
from the extreme shortening of the bearing-line. 


With the data on the 14-om3" Line a8 a basis for comparison, a single long line 
was added as a bearing marker at 30 degrees. This line was continuously projected 
on the screen, and the 14-cm. stimulus-line appeared briefly within it or displaced 
from it, depending on the value of presented bearing. The effect of the bearing 
marker was to reduce’ mean error and variability almost to zero at 30 degrees, and to 
reduce the variability substantially im a broad surrounding region. Unless the y 
estimates of individual subjects, when analyzed, indicate the contrary, it would 
seem possible to tpace bearing markers as To apart: as 15 degrees, and still to 
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oes Oe” Riathanbe s Vakgh ‘AIRCRAFT: WARNING ;DEVIOES ‘ . 


oe ed ty 8 re o John C. jeblebes b Spyea'ts ; i 
Eg A 8 tab University of Maryland lider le. Ne 
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' This is a progress report on the Battle of Space, rather than a progress reprt 


eyed ona research projet as such. By the term. "Battle fior Space" I have, of course, 
*t- no reference to any intePmational search: for Lebensraum. I mean only to imply 


that Maryland, like’ so many other universities today, has plenty of almost 
: anything ‘but space'- and that he who would do research must first find a placé 
to set up his equipment and run.his subjects. And this, at a time when classes 
run until late Saturday afternoon and a converted greenhouse may serve as a 
MAA RAT ORs is no simple haga 

oa GR “yf orypet a «i 

* We * thought We Held. £hé » hi deni licked. ‘In making our pl to the AAF 

for reséarch on dircraft warning devices, ,.we-asked’for an air-conditioned 


- @ 


**” Qionset Hut. When it was announced that ‘sugh a but: would be gol rphaca: we: 


> VRought our troubles were OVEF « 


As a arya of bates they were rer bic ot In the first place, the 
university landscape specialist folded his beard over his eyes and wept, 
when asked where we could put up a‘hut among his carefully landscaped buildings. 
He recovered, however, and: picked out a site down behind a knoll and.out of the 
'* Tandscaping pattern, _Sinee we. expected to be using up to 125 db of synthetic 
airplane noise, that was all right with us, for we suspected that we. should; not 
_ necedstr ily grow in popularity “if our noiseegenerator were » planes: ‘tod close: 


¥ 


te ofaber oom: ‘biiildings. ere ale Yb ekaes aac He 


PYtom bodnovetwy aan i ES rt hs eas te Tt, re 


+ 
a 


ate 
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aowt Sp het hat ateert: ‘Wiltimately arrived. This meant that: we had to! add’ ther .- 


hes “greet ion oF dne* huts ‘Pacific style,‘to:the woes. of .a Superintendent of: Baitdings 


23" ane ‘Grobnds: who! wa sTalPOedy’ engaged’in directing the. construction, of: some: 
“ sixtéer bul ldings) varying in nature>from-giris!! dormitories £0 a: hb omaanced: 
we Wind! tune Le’ “The*perit léhan in question ‘is! a: veteran who: is- alleged to’ have: been 
responsible for clearing the beaches of Normandy after ‘the’ invaision. He: neports, 
ont confidence, that this task was, comparatively speaking, an idyllic vacation, 
erg" compared to his present job of housing ¢Is- by the: thousand, building: new 
lil vlb¥éroon buildings ‘without either’ ew or’: weabteee engi SoP Ne Tent Romney! Pure 


vim " For’ insistent’ i» pinay amend bent: daw ait aghek Yibiy eS gba 


Y(itwmglsa wor ts sipah ats +. Ob we Hewes cats ae ae waar pees 2 
indian eeeWith' his ‘anduigenod;: However ; ytd Pima ly: ete the ps hg poured and the 

hut: erectéd, | ‘We even remenbered ‘to nove the: hink Trainer onto’; the, floor be- 

“fore ‘the tép of the hut was put’: Antoplace;:! thereby sais ok pre aefaaotud 
“of taking’ the hut ‘apart after it had maser eine eet pina ‘ile Se facina 


Since we had meanwhile been busily aédanduating our “baste ocr dae: we 
were now ready to go. At this “point, Whe ceténdar ‘intervened. As .we might 
possibly have predicted, November was followed by December «:: ‘Phe ambient 
temperatures dropped to ‘nidaiti*lévélis “wormel ly ifound ‘in: suburban: Washington in 
December. Before we could make any regular ‘research runs; :itondw became 
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necessary that our air-conditioning gear = most insightfully requested in our origin. 
al research proposal - should be connected. and set into operation. This, it appeared 
would require the attention of a new set of _Spegialists. The specialists, we 
learned were, at that time, either (a) ill or (b) working many hours a day at other 
ane more 2a a bh a 


rer ‘The dawn, of. the ‘Webs Year, I am. happy to. report, has brought a millenial change 
“in the tactical. situation. | Artisans have appebred - out of the’ nowhere ~ andvhave 
installed the airrconditioning equipment. . They ‘assured me, as of my day of depart- 
ure. for. this. tripy. that. only a small metallic object, known as a reducing gear, 
stood between us and, functional adequacy. of’ ‘the’ ‘hut. Assuming that this gear is 
procunable. within finite and measureable time,’ we ‘shall at ‘ton last be Y ERA to 
begin our first research runs. & Hes ; 


Except for,,a.few tentative runs = and those with Beek tl BPE - Ge 
give us some. general idea ‘as to the* extent to° ‘which Iéarning-may be a factor to 
be reckoned with, in our test-scores, I ‘ean’ ‘Yeport'énly ‘on ‘our -intentions.-. In, 
order, however, to take advantage of “the: ‘Opportunity to-héar your suggestions and 
criticisms, I shall be glad to report our general research’ design 'today.:;.It/is 
the design: under: which we expect to be able to go to work on bape yoadly: day of the 
ities’ Some ster >. Aut other conditions. permitting. 2 43% BA, 
Dok os’ ¢ err Vf 

ian are. ani wali’? from the title off ‘the se chest, of the eT al cota our 
iy te Even. wi th light training planes,” the calls on the attention: of; the: pilot 
fare. ‘so: heavy that At, has been found necessary to supplement: his’ visual; indicators 
with, other means of informing him that Some ‘necessary adjustment: has: not: heen. 
made, Intermediate trainers, as you well know, are’ equipped with horns. which 
automatically begin to blow if the pilot allows air-speed to drop ‘below a specified 
level without: lowering his landing gear. This warning signal has prevented many a 
- belly-lending - and has doubtless saved some Ti1lions of dollars ‘of aircraft from 
being ,entered.on the. retired list. You are dls6 aware that:it fails in:its-purpose 
ovcasionally, as attested by the pilot Who: tiskes a’ perfect ‘belly. landing: and then 
:. comments:~ as he walks away from the’ ‘wreckage * © that he ‘heard the ‘Horn.:but..was too 
pi ps with, a. ‘cross-wind landing to" feel ‘baythi send ‘bub rapes cei ‘over! ‘this . ORAS ONS 
SPINEL of Ade reese | Hf we Mere et Oe ee 
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mek from, via 100-120 nile-anehdur' ‘trainer’ ‘to the 4905: nd: from the. 'Pe80 to 
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signal from a friendly helper into a vital nocien olkae,; “The: pidot: of. ieak airoraft 
simply. will not, have. time, enough to read many dials, no matter how elementary or 
how well-arranged those ‘dials. may ‘bee | Stine Considerable part of khe! nppessary in- 
formation abput, the, functioning of his eirpléne’ mist ‘be ‘supplied to him, by. 
automatic signals, probably most. frequently’ ‘of the: ‘a1 l<or-none: typee It .is. tne 
purpose of our researches to try to' ‘determine ‘which : types ‘= and which combinations 
of by SES will be most effective rcs eee 


fs. “(Commaiiding ‘the! ‘attention’ of" idne: pilot? | tha &4 
<b. 'Produging the proper. reaction in ‘tHe ‘stot ln aed 
Bt Not. disturbing him | ‘to. the extent of" ‘Ot shiping his: ekilifal 
performanse of other dutiesy"* v4 BEGG ye ee eo eats fs a 
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Our research design conceives a twofold approach to this overall problem. 
On the one side, we hope to make a "basic approach", isolating the perceptional 
and reactional fields in the laboratory and carrying out there a point-by-point 
variation through careful isolation of one variable at a time. On the other 
side, we hope concurrently to check these "pure research” findings by carrying 
on a “whole situation. ‘approach" in which significant. variables will be tested, 
first in the Link Trainer, under conditions of simulated flying, and later in 
actual aircraft in flight. We hope thus to make maximum progress ana, at the 
same time, to avoid the unhappy situation of having to extrapolate from simple 
laboratory situations to rage tt complicated and iy gad environment: of the 
airplane Pilote | | 


Let me describe our "Basic Approach" setup very briefly, Our subjects 
will be given a complicated task, relatively free from learningeeffects. As they 
pursue this complicated task, warning devices of various types will be systeme~ 
tically introduced. The criterion will include such factors as speed of 
response, correctness and adequacy of response, and absence of REES TBE BIE with 
the., eS ma jor PSAre 
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 wiketers A’ ‘St 4s nidw ‘Bet up, the basic task is provided by the SAM. Single panietisit on» 

al Pursuit’ Test.’ ‘The subject sits before a panel. board on. which: appears a ref- 
erence Line and’ a: ‘variable line, the latter being. driven up. ard down by ieans: ad 
a large and irregularly shaped cam» The situation | is’ “essentially thet of the’. 
conventional gyro-horizon, encountered on instrument panels ‘of ‘most wircraft . « 
The ‘subject"s task ~ is to keep the varieble line on a, level with his reference 
line by. forénattdadft mot ton: of ‘a control-type | wheel. which He manipulates with 
hig | “herids . The complexity: ‘of ‘the cam suggests. thet not. much learning will - 
ocoure Our preliminary “éheeks indicate,,that, once a brief. period’ ‘of ‘peti Lier t+ 
zation is pasty individual score«levels,tend.to. stabilize. This is: further * 
supported by AAF data, indicating satisfactory test-retest reliability for the 
apparatus. 


Our intital runs - for which we are now set up - will consist only of having 
the subject use his free hand to punch a button when a warning light appears on 
the panel. From this fundamental approach, many types of variation will 
suggest themselves at oncey We may proceed by increasing the complexity of the 
lightesituation, introducing neutral lights, adding veriations in light-pattern, 
establishing color codes with differential responses, bringing in auditory 
signals, and so one. We plan thus to attack four major variables: 


A. The nature of the warning signal itself 

B, The relation of the signal to central and ambient stimuli 
C. The setting in which the signal is given 

D. The meaning of the warning signal for the subject. 
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.» In general, our,:."whele situation epprogch", will, gongist in transferring our 
findings. to the Link Trainer: asthe subjeet puts the, trainer through normal patterns, 
with. or without rough @ir and, with or. without | airplane, noises. A Stevens noise 4 
generator: is..under. order; and,.; as. most. of you know, will, provide noise levels high — 
enough to, reproduce the, sound: spectra in, the. wor st. of; our modern aircraft. 2 pres 
sume we can alee bhe. Aeinebisicia oe yhen,’ we wish to reproduce, the auditory’ situation’ 
in’ thes Pe80h) ,: > AF otMiy 2 a" bhi weidh ¢ Ratha 7 
; otis ft - 

¢ Tt. is a Baa od Blea pH ge we: shall. try. Foe the’ iapia tion of variables in 
abe Link: that wilt, be :enforced in. the "Basic Research". approache, It seems 
probable, indeed, that sooner or later we shall operate with the, Link hooked up 
with all of the present warning devices from some one type of airplane, probably 
ir anaae me Oh some: PAsed deyJpas; of, our, own bale i ee ea: | 
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PA 
ee ithe: : 
wn gr‘dups.. of: pee ns will be mess) 3 ‘ne; Hoe poe” of ‘veteran pilots, q 
now een. on :-the.e-ampus in considerable.number se: .. .We,.can establish | jour cutting 
score: for: ‘exper ence: at almost any .reasonable,. ‘Level. and. still .be.. assured , of. an 
ample supply of subjectse A considerable number, by the. WAY 5. ‘have shear rumors of 
what we are about to do and have come around to offer their services. Our second 7 
» group will: consist of complete novices. .men without any airrtime at all, It Gg 
-vappeare that we: ‘shall. have little difficulty. in obtaining ® group - wellemetched on 
. everything: but flight “time: with our veteran. Pees iZrOUDe +. i: plan to.:pay,all, 
ewe at aay, rates £O% thein time iiss baccda vite: mwthd bus dgred 
. : 3 Sects Fh ase %. my cMyiits + pet iad &. He a this ort eR "Sr, aes! ity des ergy E aye 
ATL wal eke. wilt he te ito, ‘the -level of. ted i performances ; eters: 
wadaierk trials begin. In view of the, nature .of; ‘the ; nesearch, ..we shall. de, 
much interéstediin:spontaneous and. invited ,omment s from. @11..of our subjentac, : 
‘If quantitative data and comments. acoqumy late at .@ meeeqsanls mate, . we, should. 
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EFFECT OF MODERATE POSITIVE ACCELERATION (G) ON ABILITY TO READ 
AIRCRAFT-TYPE INSTRUMENT DIALS* 


Melvin J. Warrick 
*(The following is a summary of the 
Memorandum Report, TSEAA-694-10, 
15 November, 1946, AAF Air Material 
Command, Engineering Division) 


"A study was conducted to determine whether or not a pilot's ability 
to read aircraft instrument dials is impaired by a positive G force less than 
that required to produce black out. 


"Nine common aircraft instrument dials were reproduced in a printed dial 
reading test of the true-false typee Thirty-four rated military pilots were 
given this test on the human centrifuge under conditions of 13 and of 3G. 

It was found that the pilots attempted to read as many dials under conditions of 
3G as they did under conditions of 13 G. However, under conditions of 3 G, 24% of 
their readings were erroneous as compared with 18% under conditions of 1k G. 

This increase of errors is statistically significant at the 1 percent level of 
confidence, 


"It is concluded that the ability to read aircraft instrument dials accurate- 
ly is impaired by a positive G force less than that required to produce black 
oute It is concluded that further reseerch should be conducted to determine why 
pilots make more errors in reading aircraft instruments in conditions of increased 
G, and to determine what factors in the design of aircraft instrument dials can 
be improved in order to minimize such errors." 
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SUMMARY 
PHYSIOLOGICAL FACTORS IN THE VISIBILITY AND LEGIBILITY OF INSTRUMENTS 


James C. Peskin 
Aero Medical Laboratory 
Wright Field, Dayton, Ohio 


Although most of the papers being presented here are concerned primarily 
with a psychological approach to the problems of instrument design, the importance 
of physiological factors must not be overlooked. Basic data of the intensity 
discrimination of the eye, visual acuity, and dark adaptation provide the ultimate 
explanation for many of the phenomena observed in instrument visibility and 
legibility. 


The Vision Unit at the Aero Medical Laboratory is concerned with deter- 
mining the appropriate physiological data pertinent to instrument legibility. In 
particular, data are to be obtained defining the intensity threshold and visual 
acuity and after various short periods of light or dark adaptation. In the 
reading of instruments, it is common for the pilot to have to glance from his 
instruments to the world outside the plane and then back to the instruments in 
fairly rapid alternation. In order to determine the appropriate physiological 
constants for these conditions, it is necessary for existing data to be recom- 
bined so as to provide the appropriate values, or for new data to be obtained. 


It is important that research on instruments which begins with a complex 
of instrument and personnel variables be constantly mindful of possible physio- 
logical explanations and existing physiological data. Special attention is drawn 
to the theroretical work of Hecht and his coeworkers in which intensity dis- 
crimination, visual acuity, and dark adaptation were shown to be related 
photo-chemical events, 
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DISCUSSION: Tuesday Afternoon 


Mr. Smith asked Mr. Warrick whether the selection of black numerals on white 
background in his instrument dial tests was made for any particular reason. 
Mr. Warrick replied that there was no particular reason, except that the 
test items used were available in black on white form in an existing test. 


Dr. Ford asked Dr. S.B. Williams whether he had found that test objects of equal 
contrast became less visible at higher intensity backgrounds than at lower 
intensity backgroundse Dr. Ford reported that he had discovered a situation 
in which, although photographic methods indicated equal contrast, the 
performance of the eye was inferior at high intensity levels. 


Dr. S.B. Williams reported that it was necessary to divide his experimental data 
into two parts: At fairly low levels of scope brightness, the phosphor was 
below its saturation point and the increase in contrast sensitivity was 
related to increased background brightness. At extremely high brightness, 
however, the leveling off was partially due to the fact that the phosphor 
was above its saturation point. In other words, the curve presented from 
Hopkins included the failure of the cathode ray tube to respond linearly to 
‘impressed voltage as well as the change in sensitivity of the eye response. 


(Because of this, it is difficult to isolate the exact function of either 
the tube or the eye.) 


Mr. Blackwell remarked that decrease in contrast sensitivity at extremely high 
adaptation levels has been found in controlled visual experimentation since 
the time of Koenig and Brodhun (1888). Professor Hecht believes the loss 
of contrast sensitivity to be due to inadequate adaptation at the higher 
intensity levels. Professor Graham believes the loss in sensitivity to be 
an artifact related to the dependence of the "critical duration" upon 
intensity level. 


Dr. Marquis querried whether there was a difference in the spectral distribution 
of emitted light from the scope at different levels of intensity, When 
Dr. S.B. Williams confirmed the presence of such an effect, Dr. Marquis 
remarked that the phenomenon reported by Dr. Ford could be due to the 
differential spectral sensitivity of the photographic emulsion and the 
human eyée 


Dr, Kennedy asked whether any progress had been made on developing a direct 
tridimensional viewing device for the target in a radar scope. 


Commander Dyke reported that several schemes for producing tridimensional 
viewing of the target of a radar scope had been suggested, and preliminary 
work completed. In one device, the signal from a radar tube was deflected 
first to right and then to left by means of a rotating Poleroid in con- 
junction with a beam splitting system. The difficulty with this system was 
that a sufficiently precise electrical pickup could not be developed. A 
second proposition, originating with Sperry-Gyroscope provided a three dim- 
ensional picture which could be seen even with one eyee The operator 
regarded the radar scope through a mirror which moved beck and forthe 


Dr. Chapanis reported a scheme proposed by the Watson Laboratory in which the 


position of an aircraft was represented by its position in the interior of 
a planetarium. 
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LEGIBILITY OF VERBAL AND NUMERICAL MATERIAL UNDER SIMULATED FLIGHT CONDITIONS 
“John Le Kennedy | 
Laboratory of ‘Sensory Peychology and Physiology, Tufts shes be ead) 


ou Introduction 


' The legibility project at Tufts College has been organized under contract 
with the Aero-Medical Laboratory, Wright Frield, to determine the effects of 
typographical factors, vibration, illumination (white light, fluorescent light, 
red flood lighting, etc.), individual differences, and interactions between 
_these variables as they determine the limits of legibility of tables, graphs, 
“maps, and printed instructions used in an aircraft dur ing flight. 


: Considerable. information « on typographical variables in legibility is 
already available, principally from the work of Tinker and Patterson. Tinker and 
Patterson (1941) have presented a table of optimal arrangement of typographical 
factors affecting legibility. Illumination has been studied systematically 
in relation to visual acuity, | adaptation, visibility of different wave-length 
bands, etc. .Vibration, as Dr. Hartline has pointed out, represents a variable: 
about which little is known, either theoretically or practically, in its effects 
on legibility. There have been several studies of the effect of noise and 
vibration on motor performance, but these studies have not been directed at 
legibility. We also believe that further work on the range of andividual 
differences in each of the variables mentioned above will be profitable. 

“Statistical taohniques are now available for mee suring the degree of 
interaction between these variables, We propose to utilize the analysis of 
variance methods to determine whether, for example, frequency ‘of vibration 
alone is effective or frequency of vibration plus aniplitudé of vibration is 
responsible for variation in legibility when the material is ‘vibreted. — 


Progress in this aig, PO has been limited to ‘the construction and 


» _ arrangement of apparatus which will control the above variables. . We are 


just starting a pilot experiment on vibration amplitude, ‘illumination, and 
. individual differences. The remainder of this paper will. desoribe. the Agparetus 
and tests which. nave been prepared for this PaRPh ays a 


- 


3 pe Apparatus 


a ‘The Vibrometer ‘is 7% device ‘for vibrating the visual field at known 


iG frequencies and amplitudes, Some . preliminary work on mechanical devices for 


vibrating, stimulus material demonstrated that it jis difficult to obtain uniform 
vibration. of: a large ‘surface. With the assistance. of the Electrodyne Company 
of Boston,. we have. prepared an. ‘optical device, which produces simple harmonic 
motion of. the visual. field optically rather than, ‘mechanically. _ The apparatus 
as it. stands, . Peoadiini limits | head movements on, the part of the “subject but 
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otherwise appears to be suitable, reliable, and valid for our purposes. The knobs 
and scales on the top of the instrument allow continuous adjustment of desired 
amplitude of vibration between .25 and .005 inch with frequency coritinuously 
variable from 0 to 3000 d. ve/mine The direction of motion of the visual field 
may be varied in any angle from vertical to horizontal motion, or the visual 
field may be given a circular or eliptical motion. Motion is produced by two 
pairs of Risley rotary prisms, rotating in opposite directions. Amplitude is 
controlled by the degree of angular displacement of the two prisms of a pair, 
frequency by speed of rotation of the whole ATE s 


The following experimental arrangement b at Roh being used. The subject is 
positioned with his eyes at the level of the center of the prisms. Below the 
vibrometer are two telegraph keys, S and D, which the subject uses in responding « 
His responses are recorded on an ink-writing polygraph by means of a two-way 
marker, The stimulus materiei, now Wier ven: of lists of paired numerals, to 
which the subject responds as "same" or "different". If he perceives the pair 
as. same he presses the S key, if different, he presses the D key. By this 
technique, we hope to determine the legibility of single numerals and groups of 
numerals such as are found in tables and graphs. Samples of stimulus material 
printed in 1l point type have been distributed. Each test consists of 180 
pairs of single digits arranged in 9 columns of 20 each. All digits from 
O-9 are used. An equal number of "same" and "different" responses are required 
on each test. The sequency of pairs was randomized in the test. ‘ We hope to have 4 
available shortly a library of test material made up of these hie al Bidet rd is in 
several type styles, type sizes, | and marginal formats. 


Illumination of the test stimuli is variable from 1 to 15 foot aaiiae 
General room illumination is'also variable between these limits. ° Réd flood 
lighting of. the stimulus material may be effected by placing appropriate filters 
in the tiene sources. Provision ts also made for ultfe-violet TTlumine ttt hy 


fil. Legibility « of Pieewaeent Materials. 
One sate ‘practical dapitdattai of legibility redeerdh: ednadonant ‘previousl 
should be mentioned in‘closing, We have obtained samples of ‘fluorescent:printed | 
materials now used. Tables and verbal material to be read under ultraviolet’ are 
often printed so that the reading matter fluoresces of a black background. One 
of the largest differences in legibility discovered by Tinker and Patterson q 
was between white on black and the usual black on white type of page. A positive 
is much more legible than a negative under the conditions of their experiments. | 
Their results suggest that, for preparation of fluorescent tables and graphs, 
the numerals and letters be printed in black ink ona fluorescent. ‘backgrounds If i 
dark adaptation level is affected adversely by: thus: increasing the general: | 
illumination level of the pagé, it may be possible to find a red fluorescent 
ink which will emit principally in’ the red wave-lengths: under ultra-violet «=: 
and still presenta satisfactorily legible condition for’ reading under: normal. 
daylight. A sample of ‘such a preparation is presented. “In this particular «- 
sample, the spectro-photometric curve of the red fluorescent ink has not yet 
been determinede 
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DESIGN FACTORS AFFECTING THE LEGIBILITY AND INTERPRETABILITY OF 
INSTRUMENT DIALS AND SCALES 


W.M. Smith 
Princeton University (Army) 


INTRODUCTION 


_ In the:initial phase of our work at Princeton, we have been concerned with 
a comprehensive review of the general literature encompassing the use and evalua- 
tion of devices and materials employed to present information visually to pilots 
and other aircrew personnel. The review necessitated exploring and tapping 
numerous sources, among which were, principally: the files of the Medical 
Research Division of the National Research Council, the Office of Research and 
Invention of the Navy Department, the Royal Air Force Delegation, and other 
Similar orga&nizations. Previously organized bibliographic sources were consulted 
for all possible pertinent references, and with such leads, the above-mentioned 
files were entered in order to refer to original articles, and thus obtain direct 
information on the nature and results of tests used in evaluating the design 
characteristics of various “visual information presenting devices". 


It is not our purpose here to consider the detailed experimental results 
of the survey, but a few general facts are noteworthy. 


In the first place, our review showed, as many of you have yourselves 
discovered or suspected, that computers, warning devices, maps, tables, etc., 
have received negligible experimental attention in the past. Secondly, despite 
the fact that a somewhat extended experimental evaluation of instruments them- 
selves has been made, the factor of illumination is the one which has received 
the most concentrated study. This study, of course, was carried on in many 
laboratories and, in each, at the expense of other important design considerations. 


Considered as @ group, the studies of instrument design have been approached 
-'from two different points of view. In the one case, as illustrated in the 
experiments conducted by Loucks, the approach was specific in nature, i.e., 
comparative evaluation was made of varied designs for dials now utilized on the 
typical aircraft panel. Illustrating the other avenue of approach, we might 

cite here the more recent work of Vernon at the Psychological Laboratory at 
Cambridge. In this case, the approach to the problem was general in nature. The 
research was concerned with a determination of scale design characteristics with- 
out regard to specific utilization of any particular dial or instrument. The 
study at Princeton will be of the general VyRes: We have structured the experi- 
mental design accordingly. 


EXPERIMENTAL APPROACH 


“The Princeton directive, broadly stated, suggests the investigation of any 
and all scale design variables. Many such variables can be enumerated: 


Re re 
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(1) frequency of gradations, (2) thickness of LURE. (3) length of grada- 
tions, (4) size of numbers, (5) black on white--white on black, (6) frequency 
of numbered divisions, (7) shape, width, length of pointer, (3) location of 
pointer, (9) size of scale or dial, (10) size of smallest division, (11) value 
of number system utilized --- 0-10—20—---, O-20=40-~--, etc. 


The experimental handling of these variables at once raises the question 
of their interaction. It is not known at present the significance of interaction 
factors in the reading of instruments. If the interactions are zero, the 
variables under consideration can be investigated singly; however, if any 
interactions are significantly different from zero, the variables concerned 
require handling.as a set. Thus, one of the present problems being investi- 
gated at Princeton is that of variable interaction in scale design. By the 
simultaneous manipulation of several variables, we hope to get: satisfactory 
measures of the interaction factors. 


Another problem which is of important concern in planning the research is 
that of error frequency. Normally the incidence of error in scale reading is 
small, This makes the statistical discrimination between different designs 
somewhat difficult. Either the number of readings must be increased to make 
error scores very reliable, or the experimental conditions must be varied to 
augment the frequency of error, Our present preference at Princeton is to im- 
prove significance tests by utilizing large numbers of trials, rather than by 
shortening reading time, tightening the criterion of error or otherwise in- 
creasing error frequency. 


ee 


ee ee ee ee 


Estimates of error frequency have been obtained from a few previous in- 
vestigations. Vernon, in his study of dial and scale reading, found the error 
frequency to be between 1-5 and 9.6 percent. Some Field Artillery data indi- 
cate the same general incidence of scale reading errors ~--from 3.3. percent 
on one type of instrument to 6.8 percent on another. Error frequency on 
counter=type mechanisms evidenced error of the order of about 2 percent. ‘ This 
latter figure approximates the error frequency found by Chapanis in his study 
on the: comparison of conventional radar bearing and range dials and direct- 
reading counter-type indicators. Here the error frequency for ‘the es 
counter=type.indicator was 3.5 -percent. | Error frequency on four’ standard» 
radar bearing , and range dials was ‘between 8 and 14° percent. ‘In any: ‘event: 
discrimination between two conditions with error frequéncies in pir iets ay indi- 
on tet et the data above will require many , many trials. 

: cnc ee “INT? IAL STAGE. OF RESEARCH 

“with the foregoing sonetagenetone in mind, the work at’ Pesneéton is’ present~ 
ly concerned with the investigation of 6 variables;’ (1) number of units } 
effectively represented on. a scale (i.e. 100,200,400,600), (2) mimber cf 
gradations (i.e. at 10's, 5's, or units), (3). shape of pointer (blunt versus 
thin on dials), (4) size of dial - 2 3/4. inches versus 13 inches diameter), 
(5) vertical versus. circular scales, and (6) level of illuhination, 


\ 
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Although the differences between circular and vertical scales are primarily 
of academic interest, it is believed that some systematic information is needed 
on this point and that it may serve as a springboard for investigations to be 
undertaken in the future. It is understood that Vernon and Brown in Britain 
are currently carrying out similar experiments on round versus straight scales. 


A brief description of the experimental situation we are employing is as 
follows: Two sets of nine scales, one circular and one vertical, have been con- 
structed. The circular scales have been reduced photographically so that they 
approximate normal and half-normal instrument size. The vertical scales have 
also been reduced appropriately so that their length equals the circumference of 
the corresponding scales. In other characteristics, number of gradations, width 
of gradations, unit values, etc., the two sets of scales are equivalent. For 
experimental presentation the circular scales will be mounted on cards, approxi- 
mately 11 by 14 inches, in three banks of four eache Each exposure card will 
contain 12 scales and all of these will be of the same kind but each will show 
a different setting. The same procedure will hold for the vertical scales, ex- 
cept that the exposure field will necessarily be larger in order to accommodate 
the bank of 12 scales. The exposure cards will be presented in a simulated 
cockpit arrangement, approximately 28 inches from the subject's eyes and with the 
top of the card depressed 15 degrees from the subject's horizontal line of sight. 
The subject will have before him a series of exposure cards which he will read 
in sequence as they are presented. The first card will be a familiarization one, 
a scale without a pointer. It will be a replica of the kind of scale to appear 
on the first test card. When the experimenter exposes the first test card to be 
read, the subject reads the 12 scales one by one, each to the nearest unit, and 
writes down his readings. As he records his 12th reading he presses a button 
to stop a timer which records his reading time for the card. The next card in 
the series is a new familiarization card, then a test card, and so on. The 
experiment proceeds with the subject reading and the experimenter timing the 
performance for each test card. By means of a special arrangement on the writing 
surface, it will be unnecessary for the subject to divert his attention from the 
stimulus field at any time. He will space his written numbers with the aid of 
a notched guide so that he can record his readings without looking at the 
writing surface, 


Subjects will be tested in groups of 4 or 5. The subject population will 
be comprised of high school and college students, excluding so far as is possible, 
those who have had any special experience with this sort of perceptual material. 
Tentative plans call for the use of some 20 subjects. 


The foregoing presents briefly and in general the scope and initial pro- 
gram of the Princeton study concerning the determination of optimal design char-= 
acteristics of dials and scales. At present the work is still in the planning 
and preparatory stages. Master dials and scales have been drawn and are now 
being photographically reproduced preliminary to the construction of the test 
cardse 
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VISUAL FACTORS IN DIAL AND SCALE DESIGN 


“Purdue .Research Foundation: (Nevy)..: 
Joint Research Program J |: 


The Purdue - Navy Research program was set-up to study the general problem 
“of instrument dial design. ‘There are many factors.to be investigated:before | 
» specifications for dial design and-construction.can be drawn up. The purpose 
of this program is to determine the effects of several of these factors. These 
are three studies in progress atthe present time, -These concern: - : 


(1) the effects of dial shape: on legibility of the dial, 
being conducted by R.B. Sleight 


(2) the effects of numeral design on legibility of numerals, | 
tongs conductor by JG. Gleason 
(3) the effects’ Pr bpd chimesicbitabont between task. areas ... 
pee and serremmeing dmbi being ponte ro Wo4 E “Pe: Dudek 


» 


These en are auponrises by Dr. Tobe Bromer. 
Project No. 1 = R, B, Sleight — | 


The purpose of thie neheale is to determine the of foots: of. dial shape | on 
ey of the arabe 

The immediate. saclitaak is te eileen by objective. measurements, | 
the differences in-‘speéd.and accuracy which will. result from reading and inter- 
preting information from'dials of the FOES PLP AR round, vertical, 
se eet patent, na Nandeee Le 


“The diwpent wate will he used Luiaéen a phaund-e ined screen which has 
beén fitted into a frame so that the-center of the screen is at eye-level height 
for a seated subject. (Slides depicting the various dial types will be pro- 
jected tachistoscopically on this screen.) Two projectors, with tachistoscopic 
shutters, are being connected in series with a pendulum chronoscope, so that 

they will alternately illuminate the task area on.the screen and keep this 

aréa at a constant. brightness throughout the experiment. One projector covers 
the task area with this standard brightness between exposure trials to keep 

the subject light-adapted. Before each exposure a warning buzzer sounds and two 
seconds later, the first projector cuts off and, at the seme time, the task. 
material is projected for the desired exposure time by means of the other 


“ progjeetor.: (Limits’ of exposure time will be about .1 to 1 second. .) After 


> > eath? exposure, the first projector: ago, flashes on. the screen to maintain the 
dar shermipapersi area Srighinetes | aa i 
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' ‘The! anaber 28°16" to. be. eras All of twenty-five By ee of each dial shape. 
ale: ‘slides: were: prepared: from photographs of scale drawings of the various: 
dial types <<s The’ pointer..settings. for each type of dial were arranged in pre= 
determined order, such that, an equal: number of settings occurs in various areas 
on the dials. The factors of: numeral dimension, size of graduation, distance 
between graduations, dimensions of the pointers, amount of a graduation 


nalts Nie anand 
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mark covered by a pointer, and the position of the sidinisia te relative to the 
scale boundary, were 011 held constant on’ all slides, thus making the dial 
shape the only dependent variable. “ 


The procedure will be as follows: The subject will be seated about three 
feet in front of the ground-glass screen, upon which the dial faces will be pro- 
jected from the rear (that is, the side opposite ‘that’ which the subject faces). 
The series of slides will be projected in a predétermined random order’ for each 
subject. the. bh te a C4 ‘dears a made on each type of dial will be' mouparese 


It is haded that the results of this-study will suggest the type or types 
of dial shapes best adapted to general dial weeceoe 


Pa . 


Project No. 2 = Je Ge te end 3 


The purpose of this project is to determine the most legible numeral 
designe Separate investigations are proposed to determine the effects on ( 
legibility of: (1) the ratio of width of numeral stroke to’ height of the _@ 
numeral, (2) numerél' font design, and (3) the use of italics. © R 


In attacking the first of: these problems, a Clason Acuity Meter will be 
used to project upon a ground~glass screen numerals drawn with varying height- 
width stroke ratios. Slides depicting height-width ratios. between 1 to 16 and 
‘ to. Se 3 will be PEP sere. 


Sub Jeete will be asked to read the numerals presented on théxs slides’. z 
Two procedures will be used: (1) the size threshold of visibility will 
_ be, determined for each height~width ratio. In this ‘case,’ the most legible 
“patio | is the one which provides the minimum ‘threshold ‘size. © (2) Theispedd ». 
and accuracy ‘of ‘apprehension of groups of digits for these ‘various: reit to ah 
be determined by tachistoscopic exposures’ In “this case,. ‘the heightswidth ratio 
providing the most rapid and accurate apprehension will be termed the most 
legible. The’ factors of over-all size, color: contrast, brightness jcontPast, 
and illumination, ‘which have been + ay and Feponte e tear — — 

_ gators, will be, controlled. 7 rt “ 

The findings’ ‘of this five “etuldy vil be debe? mm: the \edtehe of magenittorns 
Studies $e87206 with’ the effects’ ‘on Pig to nak of ‘ttalics. ‘and ome Sanger 
“stylee isi pte , 

Project Noe 3 ” Ee Be adele sen Sour a ae a ae Past di 


” 2 pest th oe dee, a ore aT) « “~ od 


“The purpose of: thisstudy is to investigate the effects of sriukthekeneaated an 
on visual performance. The brightness of three separate aréas will.be:considered: 
The "task aréa” falls within a central cone of vision with a maximum’ radius.of 
about 10°, The "surround" includes the area adjatent to the taski areas It may 
be compared to the radar console or to the surface of a machine at which an 
individual works. The “background” - refers to the general’ area: sgutrounding the 
operator on’all sides in the visual periphery, and ustally -” th ‘greater distance 
from, him than either the task or’ ag a olan Yo. etary Lact 


: 
J £% ge -* ¥ 4 a, " ; ‘ * ye 4 4 ae ” > « 4 le ‘ a¢ ee, 
Ee tte ee eee F ‘ ee, t \ : ¥, 5 KRISS Cee re. : . 4 . ‘ « Ae gal 4s 
A . pies ee hes ‘ > ‘ Ot ry. F ; yt 2g43 
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Three separate investigations are planned: (1) to determine the effects of 
size of the surround on visual acuity, and to determine an optimum size of surround, 
(2) to determine the effects of the contrast between brightness of the surround 
and of the task area on visual performance, and (3) to determine the effects of 
brightness of the background in relation to the brightness of the task area. 


For the first study, to determine the effects of size of surround, a ground- 
glass screen illuminated from behind will be used. Cardboard shields will be used 
to vary the size of the surround on this screen. A graded series of these shields 
has been prepared with central openings providing surrounds with radii from 10° 
to 450 of visual arc. Additional sizes will be introduced above 45° if necessary. 
These sheets can be interchanged behind the glass screen to limit and vary the size 
of the illuminated spot or "surround" to which the subject will be exposed. 


The subject will sit facing the screen (eye to screen distance of 15 inches). 
The stimulus, a checkerboard figure, (similar to that in the Bausch and Lomb 
orthorater), will be projected on the screen from the rear (side opposite that 
which the subject faces). Acuity will be measured in terms of the smallest 
checkerboard (detail) perceived under conditions of varying sizes of surround, 
Two different brightness levels of background will be used initially (about .5 
and 50 foot lamberts respectively), and, if significant differences are found 
under: these two conditions, additional intermediate brightness levels of background 
will be used to determine their relative effects. Different task materials, such 
as, a series of digits projected tachistoscopically to measure span of apprehension, 
and a spot of light (similar to a radar "blip") with which a pointer must be 
alined, will also be used under the same conditions. 


Materials have been ordered for two other experiments on brightness-contrast 
between surround and background and task area. Ploens are to construct a box-like 
compartment of white, translucent, Plexiglas panels. These panels will be 
illuminated from the rear by means of incandescent lamps. It is planned to 
vary the brightness of the task, surround, and background arcas between the 
approximate limits of..5 and 50 foot lamberts. The task materials will be 
projected, in a manner similar to that proposed in the first experiment, from the 
rear of a ground=-glass screen, which will be set in the center of the front 
Plexiglas panel. The effects on visual performance of different combinations of 
task, surround, and background brightness will be determined, 


To summarize, it is the aim of these studies to determine some of the 


factors that may be generally applicable to the design and illumination of instru- 


ment dialse Throughout, we are attempting to determine those principles which 


_ will have the broadest general application. 
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THE RELATIVE EFFICIENCY OF DIRECT-RFADING COUNTERS AND SCALES FOR 
TARGET INDICATION FROM RADAR BRUREN OE 


A. Chapanis 
, gation Research Field 1 tiny Hal 
_ The Johns Hopkins University 


' The Cathode-ray tube: (PPI or Plan Position Indicator) in a piece of radar 
equipment is a display screen upon which are accurately represented.the positions 
of a number of targets in space. It is an essential part of the radar operator's 
task to convert, as rapidly and precisely as he can, the positions of target "pips" 
appearing on the face'of such a. screen into actual bearings and ranges. A con- 
siderable proportion of the tite delay and errors normally occurring in this con- 
version process’ can be attributed to the difficulty of reading the scales and dials 
furnished with the radar equipment for this purpose. This paper: summarizes the 
results of two experiments undertaken to explore the. Sale kine AT TRUAGEA of direct- 
reading counters and scales in this application, . 


fe tes % ies ‘EXPER IMENT 3% 
‘Ina typ lion ‘search radar or remote radar indicator, ‘the bearing of a target 
is read from an annular bearing scale around the PPI (™pr in Figure 1). A bearing 
cursor can be aligned manually with @ target "pip" appearing on the face. of the: 
PPI, and the intersection of the cursor line with the .scale is read to give’. the 
target bearing. | Renges' on the' radar equipment studied here are. read. OBR from 
-counter=type indicators similar to ae and enE in’ Btevee. a4 Te 
In the first experiment a eiesaesoeat neal of a dipoobeveahine ft 
and range indicator similar to "A® and "BY in Figure 1 was constructed, and the 
speed of reading bearings and ranges from this instrument was compared with the 
speéd ‘of réading target information from four standard radar units,:..Five ‘subjects 
eagh were tested with a total of 50 randomized target settings-on.dach.: ‘equipment - 
a total ‘of! ‘i, 250° ‘observations for: add subj aose and ad} ~siilliee of. SAAN T ed's 


the for 1sining. Siebb dune. Was ened: Before. ones ahs: th pee Tae Prtrrt be | 
himself: from’ ‘the* instrument while’ the experimenter set. in’ a: bearing..and:range.. 
The PPL ‘Scope (or pearing’ hegreriecids ‘and. PORES: diales ‘were ther: obgenred: rabbi a a0 gS 


1. The research gral a thie: papar- cael coealaamedss on Contract: N5-or i-166,. 
Task Order 1, between the Special vbaten shbcviaeloal idchehaaed si Hava tl Research, aa 
The Johns Ste pir te: Patvepakt ys 3 dtd aE i elec’ call thes ot 

2e The results of this: apis b have. bapa vol oho anal Oe ld Bo 
Speed of reading target information from a direct-reading, counter-type indicator 
versus’ ‘conventional radar bearing-and-range dials. Systems Research Field 
Laboratory, The Johns. Hopkins University, Jamestown, Rhode Island, Memorandum . 
Report Now ‘166-158. l November 1946, 12: pagese: Restr.icted));. the’ results. of. fahe 
second experiment ,- described later, have not been previously reported’ oui ons 


eer 


piece of cardboard, The subject returned to the equipment, stationed himself in the 
normal operating position and awaited a signal from the experimenter. The experi- — 
menter called "ready", and shortly thereafter quickly removed the covering piece of © 
cardboard and simultaneously pressed the starting mechanism of the stopwatch. As — 
soon as the subject had finished calling off the bearing and range, the experimenter 
stopped the watch and recorded the time. A recorder wrote down the bearing and 
range called out by the subject. When this sequence was completed, the subject 
again absented himself from the equipment while the experimentér set in another 
bearing and range for the next test sequence. 
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The times required to read bearing and range information from the various 
units are’shown graphically in Figure 2. Briefly, it was found that the average 
‘time required to read a single bearing and range from the standard equipment is 
about 3.4 seconds, and that the average reading times on the standard units do 
not differ significantly from each other. The average time required to read 
target information from the experimental dials, however, is ls a seconds which 
amounts to a 47% saving in time, 


The numbers of errors made in reading bearing information are shown in Figure © 
3» Marked differences in accuracy were found in the reading of targets from the 
various pieces of equipment. The experimental counters were by far the best and 
the SR radar the poorest in this respect. Errors on the SG radar and the VF and 
VJ remotes occur about © equally often and are more than’three times as common as 
on the exper imental dials. Bearing errors’ in the readings from the radar 
equipment were more than seven times. as common’ as range errors. Since the* . 
ranges are read from counter=type indicators in all cases, this is further. éricendl 
of the super jor .ty of +e sat Serwdys es. 3 type of indicator. 

cre fdaxf? of fd #7 
na bot aur fartos eew f ots 12 _bxommie 2 ‘ rf ‘te aokbes Seay berg 
1 Dear o ga Teoma ai : astbwew Fe be aep 

Phe” first’ ier taba, ae should be sieariy beutehiketes was an! shiavhbebind 
: dsproken to" ‘the: problem. of designing scales’ for presenting target. information,.. 
in the serse that it took an isoleted: portion of a work=task: out. of. its normal 
position in a sequence of _ operations and analyzed performance on this segment 
of behavior.” “Por this: ‘reason, there may have’ been: somé intéraction effects whee { 
would change the’ magnitudes of” the difference found, As an illustration, the’ 
operator normally cranks the bearing cursor’ around:to a- target and has;’ therefore, | 
a general idea of the bearing before he looks at the scale. In this experiment, 
the operator's task was considerably more difficult since he was pe ah to hunt 
for the ‘bearing, cursor —_ orate he: ‘could Jaa a owe bh dosnenet ahT of 


In order to determine whothie on saith iintaiha be diay earthen" eatin: inutile would 
be more efficient when installed on a piece of radar equipment, “— shepeigise 
experiment was Lp tobe urider mor © Pealistic conditions. e 3 tats dt: ff 

Tk. may. ‘he: pointed out parenthet teal1y that: the wbrintiven then bi a nictr enkera rt 
reading, counter- ~type, bearing ‘indicator: for: this experiment presented ® fairly: 
difficult’ mechanical task. The’ rdason! for the- diffieulty is that: the counter read 
from 000° through 359° and then’ to’ 000° wgain. Further: it is. hecessary that the 
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counter work forward and backward. Finally, the last digit of such a counter must 
operate in a sequence of 0 to 9, 0 to 9, 0 to 9, and O to 9; the second digit 
operates from 0 to 9, 0 to 9, 0 to 9, and O to 5; while the first digit 

operates from 0 to 3 and then repeats. The design and construction of this 
counter* (shown as "A" in Figure 1) will be described in detail in a later report. 


This experiment was designed such that four subjects operated the VJ remote 
indicator shown in Figure 1 to obtain the bearing and range of targets which 
appeared one at a time on the PPI. In half of the trials, the subjects read the 
bearings from the bearing scale ("D") and in the remainder of the trials from 
the bearing counter ("A"), The positions of the targets and the order of the 
various trials were suitably randomized. A total of 160 observations were made. 


The results of this experiment show that, on the average, a radar operator 
requires about 12.8 seconds to locate a target, operate the bearing and range 
cranks, and read the bearing scale and range counter. With the bearing counter 
replacing the bearing scale, the average time for performing the same operation 
is reduced to 11.1 seconds - a saving of 1.7 seconds per target. This difference 
of 1.7 seconds in favor of the bearing counter agrees exactly with the difference 
between the reading time with the experimental counters and the scales on the 
VJ remote indicator in Experiment l. 


Since only a small number of targets was tested under the two conditions, 
it is difficult to determine whether the bearing counter is inherently more 
accurate than the bearing dial in this experiment since the error measurements 
are complicated by the normal operating errors made by the subjects, e.gc«, errors 
in aligning the bearing cursur with the target. It is interesting to note, how- 
ever, that there were 3 serious errors, iees, obvious misreading errors greater 
than 3°, out of 80 observations with the bearing scale, and only 1 such error 
out of 80 with the bearing counter. 


CONCLUSIONS 
It is concluded from the results of these two experiments that the use of 


a direct-reading, ‘counter-type bearing indicator is superior to the conventional 
circular bearing scale for target indication purposes. 


A ee 


4. By Mr. William Hamilton at the Systems Research Field Laboratory. 
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FIGURE 1 


Top View of a VJ Remote Indicator showing the Direct-Reading Bearing Counter 
(A); an Experimental Placement of the Range Counters (B); the Conventionally Lo- 
cated Range Counters (C); and the Bearing Scale (D). The Operator’s Bearing and 
Range Controls are in the Lower Left- and Right-Hand Corners, respectively. 
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FIGURE 2 


Average Times Required by Five Operators to Read Bearing and 
Range Information from Four Standard Radar Units and from Experi- 
mental Bearing and Range Counters (X). 
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FIGURE 3 


- Total Number of Bearing Errors Made by Five Operators in Read- 
ing 250 Target Settings from Four Standard Radar Units and from Ex- 
perimental Bearing and Range Counters (X). 
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DESIGN OF SCALES FOR AIR NAVIGATION PLOTTERS 


ee Christensen ) 
Aero Medical. Laboratory, tes, Field 
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,1. Introduction. "ae 
Several investigators have pointed out, and, most navigation experts agree, 
that one of the chief causes of errors in aerial navigation is the misteading of 
the seemingly simple dials, tables, and scales the navigator must use. Research 
.* Bulletin 45-36, published by the AAF Training Command, points out that errors in 
the use of the air navigation plotter sometimes run as highas— 31%. A number of 
errors on a simple navigation instrument leads us to suspect that something may 
be wrong with the basic design of that instrument as the navigators who use 
them are.a carefully selected group of capable individuals. We cannot expect to 
get.. mach. better material for navigators, so this leaves us with only two alterna- 
tives if we wish to improve any Serial navigation - better training and better 
equipment. This project I am about to describe is an attempt to improve dne of 
. the navigator's simplest but most frequently used instruments - his aircraft 
.plotter. The plotter is used for measuring courses, plotting courses, plotting 
celestial lines of position, radio and radar lines of position and any problem 
involving measurement of angles and plotting of lines or vectors. ' (Demonstrate 
its uses 


|, Any. indicated. lgnaen, cones. at a particularly opportune tine, as, the’ presently 
.used..plotter. will. need: to, be revised now that the Air Corps is converting aes 
Use MF. the. statute miles ain to. the nautical miles system. : 
fs 4 , i 
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trun iF ibtiers bere. an, azimuth ‘acale and, 8. Sahar edge.” These, oyaeils can be 

presented. in 9. number. of WayS.e, , _This study, was, ‘concerned with ‘the’ effect of 
war ia: ;4ong; indesign, of basic, plotter elements: on number,s ‘and types, of errors. +a 
made with the instrument. Hs 
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Puwh ha ‘Errors, 4 ean, vl ‘divided, ‘into. Pty general ‘Glasses = ~ errors ‘of. ines duréniént 
and errors. of plotting. . The . first class ine ludés “those . errors, the individual makes 
when measuring a line or vector that has ‘already beén plotted. | “Plotting * errors, 
a enene made when plotting a line or vector of a specifiéd number of ‘degrees. 


Send at ee “abave.elgsueg.) may ‘my divided also: ‘int: ‘specific classes | - reci- 
proeal, reversal, reference, . tolerarice, cand “miscellaneous. errors. | “These first 
four classifications. (Aaes, excluding. miscellaneous) include’ 92%. of. the, errors” 
made e 

A reciprocal error is defined as that type in which the navigator reads the 
value of a measured or plotted line exactly 180° in error. It is apparent 
from examination of any of the. plotters .. that the reason for this type of error is 
the fact that each position on the protractor element is shared by two values 
180° apart. 
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A reversal error is defined as that type in which the navigator reads the 
wrong direction from a numbered graduation, For example, if the navigator wished 
to plot a value of 93°, he would make a reversal error if he read three degrees 
in the wrong direction from the 90° mark and plotted a course of 87°, 


A reference error is defined as that type in which the navigator measures or 
plots a cour se ug ing East or West. instead of North as the. zero. reference. The 
tele: is, of course, always, 90° or, 2700, in errors 


‘A tolerance. error is defined as that type in which the navigator reads a 
a degrees in error either because of carelessness or inability to read the scale 
with ‘the, required, accuracy. A tolerance. of one degree on either side of the 
correct answer. Was, allowed. 


tee 


“Wiscellaneous , errors included such - tel AS ‘reading 226 for 266, using the 


“ge wrong face up, and. confusion of inverted number sy such as 3 and 5, Mi and 


on 


. reversal. errors, as most. figures, . tables, and other, ‘literature with which ‘we deal 


graduations, numbered every, “50 “with * ‘another plotter rie the | séale graduations 


Qs. , etee et acata : 


“Using pm e classifications of errors, we were able to Slabs by Abate 97 per- 


cent, of all errors The 3 percent. bet dat Pia 3 were ine luded with the miscell- 
aneous: errors. 
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B. Six plotters were constructed in order that four basic comparisons might - 


be made. ,All the experimental plotters, were identical with, respect to such elements 


aS. figure, size,’ ‘figure style, protractor Size, pu, stan et Size. The noeste 
edges and the other’ has one ‘edges The thought wis’ thet ‘errors might’ be reduced 
by use of a double-edged plotter as it is never necessary to invert such a plotter 
when measuring a course near the top of the chart. It becomes. necessary. wheri ° 
using. a single-edged., plotter under the same circumstances to invert the, lotter 

in order. ha, get, the, straight edge along the desired: line, or. vector. “When inverted, 
all seales. 1 must be read | ‘Upside | down and fhe a “direction opposite” to" that’ employed 
when the plotter’ is in the normal positions This would seem | to" lead fo. reversal 
errors.» se Ww eae 


The second slide shows the models used in comparing a left-right ‘scale with 
a. right-left. scales It, would seem that the, left-right , scale would produce less 


are read from left, eg Fe he, shetty teh Pending habit’ ig felt te ‘be rather 
TP dee ue : ; | 


Loge 8 So altar Me ae hope t Arte t ag Wet pee 
The third slide shows the models used in comparing a plotter, having the scale 
numbered every ‘Too. It ‘was thought . that ‘the’ number ing’ of the five’ degree ‘gradua- 


tion marks would assist in the reduction of reveréalérvors. This proved ‘to be 
the cases 
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The fourth slide shows the models used in comparing a plotter having one 
protractor element with a plotter having two protractor elements. One element 
was set 180° in azimuth from the other. Thus,. one. set of figures would appear 
right side up regardless of the position of the plotter. The reading on one 
protractor element should serve as a check on the other. However, the added 
protractor had not only a deleterious effect on accuracy, but also slowed ne 
sub jects Maan tes 


C. It was essential that the models be administered to a naive sample, as 
the previous experience of navigators with plotters would be" difficklt; if not. 
impossible, to controle Permission was obtained to use 350 advanced mathematics 
students from Dayton high schools for the exper iment. They were taught and test- 
ed in such order that no advantage would accrue to any’ plotter model. 


D. The test consisted of 23 measurement and 23 plotting problems. One half 
the items were solved on a copy of a Mercator Chart, and the other half were 
solved on a chart similar to a Lambert-Conformal, Alternate forms of each test 
were constructed, ti 


IV. Findings. 
A. Error Breakdown 


“'©'- A breakdown of errors into the general categories of "measurement" and 
“pnlotting" disclosed that 55 percent of all errors were errors in measurement, 
and: 45 percent of all errors were errors in plotting. I will say more about 
ta thet: le , ‘ 

77 spesifio breakdown of errors shows that 32 percent of all errors were 
reciprocal errors, 50 percent were tolerance errors, 22 percent were reversal 
errors, and 8 percent were miscellaneous errors; Thus, we see that 84 percent 
of all plotter errors can be classified into three specific groups.» This is 
fortunate for:us: who hope.to do pln ag vn about reduc ing the number of plotter 
errors. 


B. Several significant facts were noted about the reciprocal errors 
(remember that almost 1/3 of the total errors were of-this type.) There were - 
755 reciprocel errors made, and of these 631,, or 85 percent, were made on 
measurement ‘problems: as opposed to only. 15 percent ‘on plotting problems. The 
meaning of this is not clear, but I propose that it has something to do with the 
comparative simplicity of measurement and plottinge . Measurement of a line or 
vector is ‘sinplicity itself for a navigator. It soon becomes highly automatic, 
‘avid hence, the riavigator,. not. pps peabet Ly. takes ‘the thost vonrenient scale 
Biase the- qonrect ‘angwere = .... t 2 

‘okie! ‘would: ‘asibente 4 a Pe dite eee: for the outer scales Analysis revealed 
that pes ecoes navigators: made erroneous reference to the outer instead of the 
innét sdale’ by!a ratio of: 2. 6:31.00, whereas the. ‘less’ ‘experienced and probably 
more cautious: high. school advanced, mathematics students: had’ a (pref crente tt only 
1.21: 1,00 for the outer over the inner scale, © 
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Plotting required more active participation on the part of the navigator. 
Presumably he knows the general direction a line will take before he ever puts his 
plotter on the chart. 


C. No dubailes analysis 1 was made of the relative speed with which the sub- 
jects could use the various models, it was felt that speed is of no practical 
importance in this task when the all-important factor of obteining a correct 
answer is considered.e However, sufficient analysis was made of speed to assure us 
that in all cases the design used with the greatest speed was also as good or 
better from the standpoint of accuracy. The median correlation between speed 
and number of errors was ~250. 


. D. Another important source of general error involves the measurement or 
plotting of courses near 180° or 3600; that is, problems near a meridian. It 

is difficult to manipulate the plotter so as to measure or plot those courses 
that are nearly parallel to a meridian. The incidenee of error for all lines or 
vectors within 10 percent of a meridian was 21 percent. It is also interesting to 
note that although only 130 of the 24,283 problems were omitted, 62 or 48.7 per- 
cent were of this type. Yet only about 16 percent of the total problems 

attempted were of this type. 


E. With regard to the four basic comparisons mentioned earlier it was found 
that the double-edged plotter was significantly better than the single-edged plot- 
ter. The single protractor element plotter was better than the double.pro- 
tractorelement plotter, the left-right scale plotter was slightly better than, 
the right=left scale plotter, although the “p" value did not reach the 5 percent 
level:of significance. Further research is planned on this point.:..The.five 
degree scale: was — better: ete the ten UF cc abies sa Dia thee: oa 
——— was B daly s318ais+ ev «bu ak eT tye ' ee Fe a Ade geaen%s 

aso oP pe 

Inbidental. tains Avpdinds pits Pant Raat a “flat- etouied. 3 ae, a. b's when’ 

Laval ied are often confused, The subjects also used the plotter wrong foe ene 
quite often 


Ve "Features: of. Revised Piataee: 
ee a rewnits of. this. pa ae AAs we: ain SP ay a a toa! ‘thet we eke 
viata features ant ithaca band 40; decrease the. syerdoys be of ad dhe J 


tan will ethan thet: it ies a i tad a. ahaa, protractor element,’ 
a left-right. scale,-and. graduation marks. numbered. every 10 degrees. This. last. 
item requires explanation as you may recall that the experimental data indicated 
that a scale with the protractor graduations number ed every 5 degrees tended to 
reduce reversal errors. However, although..it. was possible to place digits every 
five degrees: on the experimental. models it,.was. later felt. that it would be 
undesirable to ido .so on any model intended. for. use, in the aire Because of the - 
vibration and frequently poor .illumination,,,it. is. believed essential that the. . 
figures be relatively large when the: instrument..is to be used in the aire 
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To compensate’ for the loss of this experimentally desirable feature, we 
employed what we term a““stairdase” scale effect. With this, you will notice, 
the length of the graduation marks increases as the units sa, dae increases. Thus, 
it is hoped that an individual. would soon learn that as-he "goes up the stairs," 
so to speak, the number must | ‘increase, and as he goes-down the stairs, the. 
number must decrease. The ‘oda’ five dogree graduations are selouney BENEPA to 
enable edsy recognition. | 


oy _previously ‘mentioned ‘the problem involved in working with: courses nearly 
"parallel to a meridian; To handle these;-we have added a partial scale, which 
we call a 900 offset scale. It automatically does fr the navigator what most of 


., them have tried to do in their heads until now, that is, add or subtract 90° to 


.., What they obtain by méasuring such courses froma parallel of latitude instead 


“of a meridian of: longitude. The possibility of extending this partial scale 


through 360° is being considered. We believe it could be arranged so that 
celestial navigators could plot celestial lines of position without first plot- 
ting the azimuth linec. 


The use of a double-edged plotter has another advantage. It enables the 
use of a larger protractor element without increasing the overall width of the 
instrument. This results in another advantage - the use of larger figurese 


This plotter offers as a partial solution to the problem of reciprocal 
errors the scale presentation you see heree The complete solution, however, 
lies with the operator. A competent nevigator should have an idea of: a line's 
direction before he measures or plots. For example,if he is heading north and the 
wind is drifting his airplane to the right, he should recognize a wind vector 
in the neighborhood of 90° as erroneous. Similarly, if he is heading ina 
“northerly direction he cannot accept a course in the neighborhood of 180° as 
correct. By combining the two sets of graduations into one scale the user must 
in each case choose one of the two available readings for his correct answer. 
It is an attempt to force the navigator to make a deliberate choice. Further 
research is needed on this feature. 


This plotter will have adhered to it two small knobs. These will prevent 
the navigator from using the plotter wrong face ups 


It is also calibrated in nautical miles, as this is the system of distance 
measurement to be used in the future in the Air Corps. 


VI. Future Research. 


The results of this study suggested several other aspects of general and 
specific application. 


One of these involves the staircase scale. We need to discover whether or 
not, for example, a staircase scale will reduce reversal errors, or whether or 
not the staircase scale, when used with a right-left scale, will overcome the 
reversal error tendency of the veered right-left scale. An experiment has 
been designed for this projects: 
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Further research is needed on the offset scale and its extension to problems 
involving the plotting of celestial veneer val 1 saree 


The legibility of various etytes! of eontinre and perhaps  Prwle when ine | 
verted is another problem. On many of the. navigator’s instruments it is often 
necessary to read figures upside down. There must be a particular design POMS 2 
is more legible than other designs when read ‘in the inverted position. 


The effect of vibration’ on legibility and size of numbers is being attacked 
under our contract with Tufts College. . The results will be welcomed for use on 
this plotter, design. | done 


As far as the plotter goes, the Equipment Laboratory is pcnenaansies with us 
in the service test of them. We plan to do‘at least -one independent study: using 
a Pople’ oi of plotter-neive college students. 
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“Walter Grether | DPE RLE G P aaBim 
Aero Medical laboratory © that mfifamata Ay ade 
Wright Field: | P gee Tetegy ys 


i» 


“In the design of aircraft instruments the legibility of the instrument. 
dial is an important consideration to the personnel using the instrument, It. 16 
desirable | to design the dial so that it is easily legible, at least. to’ the ° 
limits of reading accurecy required by the nature and function of ‘the instrument. 
Legibility, | depends upon a number of factors, but this experiment: is:iconcerned ‘with 
only three of them--the size of the dial, the angular separation between its: 
scale markings, and the illumination Avy terms of , VO ee: ——" ee 
and daytime conditions. : 


ta order to ‘study how size, angular séjaneonen; end “4 petit: elon 
legibility sixteen experimental dials were constructed. These sixtéen. included 
four different sizes and four different degrees of ‘angular ‘distance between . 
subdivisions. “But all dials were alike in thet ‘their full ‘séale read from © to 
50 with ‘urinumbered marks subdividing the scale into tens, ‘The relationship:- 


_ between size and angular separation as incorporated in the dials canbe. seen- 


from Figure ‘l. Disregarding for the moment the numbers“in thé’ table, then each 
box represents a dial. The size (diameter) of the dial is given by the row 
SRASEDG ETE? the angular pistense 2 nad $y ogg bag os =o So bums i 


“he a ‘test. of legibility it was décided’to use the spbse and: dbopandy. with: 
which the. dials could be* read, and to obtain these measures under two: conditions 
of | illumination, simulated daylight and simulated nighttime. ~An-apparatus’ was’ 
constructed for presenting the dials to subjects for reading. They were presented 
from behind. a shutter’ in a screen. When the shutter was opened, a:dial was ex- 
posed, with | its ‘pointer | set to some reading. When the''subject responded the 
shutter was ‘closed. ’ The. difference, if any, between the response’ and the actual 
setting WAS taken as the’ error. of reading; the time during which the shutter re- 


* mained open, was. taken as the tine of reading (automatically recorded ) «i Daytime 
conditions were simulated by’. illuminating with a fluorescent tube; nighttime was 


simulated | by illuminating with a standard eir craft ultra-violet instrument light. 
The dials. were marked with fluorescent paint. ‘We used eighty subjects, each 
making eighty Yeadings sO that eventually every dial was read 400 times; 200 
daytime, 200 cighttime. The settings chosen represented | by sgt wre R ypaptiepee ‘of 


the dial, and the order of presentation was Pagal ong 
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For each dial four frequency distributions were made. These were: (1) dis- 
tribution of errors; nighttime, (2) distribution of errors, daytime, (3) distribu- 
tion of times, nighttime, (4) distribution of times, daytime. We will first 
consider the errors. Errors were tallied without regard for sign, all errors 
being considered positive. This resulted in distributions skewed to the low 
end with a suggestion of bimodality at the high end. Therefore, the median error 
of reading was taken as the measure of central tendoncy. The first step was to 
compare the daytime with the nighttime distribution for each dial for goodness of 
fit. A significant difference was found in the case of only one dial, the 5° 1" 
dial. Therefore, the other distributions were combined. 


Figure 1. shows how the median error of reading is related to both dial size 
and angular separation. .In general, if.either is increased the median error of 


reading is decreased, or, the larger the dial the lower the error of reading. 
‘However, this relationship holds much better for the smaller dials than for the 
. larger. ..In order to see why this is so,, Figure 2 shows the separate contribution 
of each variable. Notice that for dials having 5° of angular separation, 10° 


of anguler. separation, and 20° of angular separation between subdivisions. an 


increase in diameter results in a decréase in error of reading. But for dials 


having 409 of angular separation the lowest error of reading is attained with a 
diameter of two inches, any further increase in size resulting in decreased 
accuracy of reading. ,.Furthermore, the shape of the curves suggest that had 
dials with five and six-inch, diameters been used the first three curves would 
have - -reached their ‘lowest point and perhaps started ascending as did the 400 
Curves: The tentative -eonclusion is thet a dial may be both too small or too 
large ‘for most accurate. reading If. dial diameter must be restricted, SAY, 
for. structural reasons then large anguler separation is desirable. But if a 
dial may ‘be any diameter then care must be taken not to exceed. ‘the most efficient 
“ow eanenetheny t fais | toma t® ’ ee, 

pines it is apparent that both diameter ‘and angular separation affect error 
of reading, the question arises whether or. not, these factors can be reduced to 


-one. eommon variable which will aceount for the results. Physically,, a change 


in either diameter or. angular separation. results in a change,of a ‘single common 


dimension. namely, the. actual linear: distance between subdivision, marks. Thesé 


linear | distances can be derived by computing the circumference. of ‘each. dial and 
taking that portion of it represented by the angular separation in. question. 


-Figure 3. “shows the reletionship between median error of reading and ‘linear. 


distance. between subdivisions.. Although the relationship is very marked ‘and’ 


again suggests | that the distance may become too large for most accurate reading, 


-névertheless it is doubtful if this common variable can be used as 7) substitute 


"for the consideration of both diameter and angular separation since linear’ dis- 


 tante does. not. account. for all the ‘varience in median error of readinge On 


several dccasions two: and sometimes three dials had the same linear distance be- 


. tween. subdivisions yet differed in diameter and, angular separ ‘ation. One such 


instance is shown by the marked vertical line across the curve. .Here dials 

40° 1", 200 2" and 100 4" had the same linear distance between ‘subdivisions, and 
yet there is a significant difference between the median error of reading for the 
40° dial and the median errorof reading for the 10° 4" dial. Other such 
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instances of significant differences wene found, Unfortunately, data were not 
complete enough to determine how error varied with diameter and angular separation 
when linear distance remained constant. It may be that variation under these 
circumstances is too sma }1 to be worth practical consideration, in which case 
linear distance is the icp hd was which need be considered. 


Results with respect : to time of reading were for the most me inconsequen- 
tial. It was found there was a sgignifidant difference between night and day 
conditions for all dials, the nighttime readings being slower than the daytime 
readings. With respect to the effect of diameter and angular separation on the 
time of reading somewhat the same results were found as were found in the case 
of errors. But the total’ range in median times was so small (.25 seconds day- 
time; .48 second nighttime). that time of reading as measured in this experiment | 
was not considered to have selective value in the design of dials, 


Miscellaneous results. We were unable to find any evidence in this 
experiment that some portions of a dial were read more accurately than other 
portions when all errors were considered positive. When errors were given | 
their proper sign, some significant differences were found, but their direction 
was not consistent and their meaning was unclear. 


It will be remembered that the error distributions showed in some cases a 
tendency to bimodality at the high end. Since this peak occurred about an 
error of ten, it was assumed that this represented an error of reading the 
first digit of a setting involving two digits. Some dials were more susceptible 
to these errors than were others, but no consistent relation between this type 


of error and the size and angular separation of the dial could be found. 


Similarly, instances where subjects appeared uncertain of their response to the 
extent that they would reverse themselves and’ give a second response were kept 
track of. Dials differed in their susceptibility to these reversals, but again 
size and angular separation characteristics were not related to this tendency. 
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DESIGN OF CLOCK DIALS FOR GREATEST SPEED AND ACCURACY OF READING IN 
MILITARY (2400 HOUR) TIME systEut | 


Walter F. ’ Grether 
Aero Me@ical Laboratory, Wright Field 


INTRODUCTION 


People commonly experience difficulty in using the 2400 hour time system 
which has, become standard in military practice. When military time is read from 
a 12-hour dial, it is necessary to add 1200 to all readings after 12:00 a.m. 

The mental arithmetic thus required introduces an opportunity for error and also 
some delay in obtaining the desired figure. On the other hand, 24-hour dials 
designed to give readings directly in military time are, at first glance, quite 
confusing to persons who have spent their entire life reading time from 12-hour 
_ clocks. , In the 24-hour dial, only one of the hourly positions can appear ‘in 
its conventional location. In addition, an interval of one hour on the hour 
scale corresponds to 2k instead of 5 minutes on the minute scale. One of the 
_.major. purposes of this. experiment was'to find out whether the 12-hour or 24-hour 
dial can be read more easily when readings are required”in military time. A. 
further purpose was to evaluate a number of the possible factors in the design 
of either type of dial which might influence speed and accuracy with which 
readings are obtained, 


EXPERIMENTAL’ MATERIALS AND PROCEDURE” 

With the assistance of personnel in the Instrument and “Navigation Branch of 
the Equipment Leboratory, 11 different designs of clock dials were prepared. 
A sample of each of these designs is presented in Figure 1. The first 5 elocks, 
types A through FE, are variations of the 12-hour clock. The remaining 6 are 
variations of the 24-hour clock, The If clock didl designs used in the experiment 
were selected in order to make possible a comparison of the following variables: 
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- This eobidn was “suggested by ‘thé stride tinal: ‘ond: filles patie Branch: ‘of: 
., the. Equipment Laboratory, Engineer ing Division; er oe wey: § 


= Dr. John z. Cowles assisted in the preparation of dikp drei ea neterials 


for this study. The necessary photographic work was done bythe’ Aaito « 
Medical AHA TONy Publications Unit. . “i 
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1. A 12-hour vs. a Pe atti iieka 

2. Use of numerals vs. no numerals on the sinate scale. 

3 Use of l-minute vs. 5-minute.graduations on the minute scale. 

4. Use of numerals at all hourly positions VS» replacement of some 
numerals with mere reference marks. 

5. Addition of a 13- to 24-hour scale to the 12-hour dial vs. no such scale. 

6. Placement of the 24-hour position at the top vs. the bottom of a 24-hour 
dial. 

7. Placement of the 60-minute brig, sop at the top vs. the bottom of a 24- 
hour wingnit ; 


Mo skiaripie of he 11 clocks were prepared with navahip hands and then 
photographed with the hands.in different positions to make up the actual items 
ofa printed test. This test was made up in two parts. In Part I there were 
10 reproductions of each clock face. The different dial designs were inter- 
mingled in a predetermined irregular sequence so that the subject was required 
to change from one: dial to another. as he worked on the successive items of the 
test. A time limit was used for the entire part, and thus no speed data could be 
obtained for any individual dial design. Part II of the test was prepsred with 


"'1O-reproductions of each dial presented successively, thus making possible the 


use. of a time limit for each of. the 11 designs, presented. In Part II, therefore, 
both wag tod and —_ data could be htnsneg. 


In ‘peleoting the: ‘shins settings to ft used inthe actual test, an rated 
was made to control the average difficulty of the items for all clocks, by © 
equating such factors as number of am. and pem. readings, number of readings at 
5 minute positions, average magnitude of minute readings, and the number of hour 


“readings at major positions (i.e., 3, 9; 12, 15, etc.) In determining the 


sequence in which the: test items. appeared in Part I of the booklet, precautions 


“were taken to insure that there was no grouping. of a particular clock near the 


beginning’ or end:of the test. . The. actual test.items. uged . in Part II of the we 


5 Page a nceiuacincesint time: ana from. those used in Part I 


This cout was aiid niatered to 62 dated maces personnel at * “right ‘Field and 
to 100 advanced mathematics students in a Dayton high school. All subjects took ~ 
Part I of the test prior to Part II. In taking Part II of the test, however, 
approximately.oneshalf ‘of the subjects began at the front, of the- vest: ‘booklet. 

The remaining one-half of each group took Part II of the test in reverse ordtr. 
That is, they first completed the 10 items for the last dial design in the 
booklet in.the order in which they: appeared, then those for he second last dial 
design in the booklet, etc. For the rated military. personnel » @ time limit of 
15 minutes was used on Part I of the test and a time limit of 45 seconds on 
each section of Part II of the test,..For the high school students, a 19-mimte 
time limit was used. for Part I and. a. 1-minute time. Limit. for 3ae a section: © 

of Part Il. : “ 
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A summary of the major results of this experiment is -presented in Table 
6.1, which shows ‘the percent errors (of one or more minutes). on each clock, for 
both parts of the test, and for both,groups of subjects. ; The table also shows 
the time per clock reading in seconds for Part II of the test, for both groups 
of subjects. At the bottom of the table are shown the estimated differences 
required for significance at the 1 percent level.. .Wherever the differences 
in the results for any two clocks aré “equal to or’ greater than the differences 
at the bottom of the table, they can ca assumed re be genuine differences and 
not the result of omanes factors. 


The results presented in Table 6.1 are also presented in the form of bar 
diagrams in Figures 2, 5, and 4. It will be noted in Table 6.1 and 
Figures 2, 5 and 4 that the data for high school students and rated 
personnel ‘present: substantially the same overall picture. In general, also, the 
differences which appeared among the dials in Part I of the test reappear in 
Part II. Thus, although many of the differences between dials on one part of the 
test and for one group of subjects are not significant, the fact that the 
differences are in the same direction in Part II and for the other group of 
subjects’ greatly increases the likelihood that the differences are significant. 


In general, accuracy of readings was somewhat lower in Part II of the 
experiment, probably because the timing of individual. sections motivated the 
subjects to work at greater speed... 
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In Table 6.2, an analysis; as presented of, the various types of error made 


‘on the different clock dials; ~” Most of thé errors were 1 minute;:'5: minutes, 1. 
‘hour, or 12 hours’ in:magnitude. The: ‘frequency.,of each of these types of error 


is presented for each dial.for a random sample of military RersOAgeA, and another 
random sample of high school students, cae 


ope 


INTERPRETATION OF RESULTS AND: CONCLUSIONS 
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Cémpe¥iton: of. the: first 5 arch As Laut 6 siaee in table i" _shows that ‘there 


‘is no major advantage’ in:favor of either the 12- or 24<hour - dial,. although 


24<hour ° aiabss: :Pypes.G and-J, are superior to the two best 12- -hour ,di6ls, Types 

A and B.’ This is:particularly true for speed of. reading. The. 24~hour clock if 
showed sothewhat: more: de hats leREGR Sy Brebebiy because. of oR mad Ler spacing of the 
hour numerals, #t2 arc. agin ; ; tiiuns sins © 


Numerals vs. No- Numerals. om Minute. Scales 6 nn tt nw ns 


The comperison of clocks: A-and B does not reveal. any. significant, advantage 
to placing’ mumerals:.on the. minute scale ofa. 12- hour. dials... In. the case of the 
24-hour dial, however, as indicated by comparison of clocks F and ‘G, there does 
appear to be a definite advantage in favor of numerals onthe minute scale. Dials 
without numerals on the minute scale show a somewhat higher proportion of 65-minute 
errors in Table 6.2 rey gic 
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One-minute vs. 5-minute Graduations on the Minute Scale. 


Comparison of: Clocks A and C, and F and I dutnon ted. a significant difference 
in favor of placing: graduations at l-minute intervals when readings are required to 
an: ‘accuracy of one he om age P ial c pen i _ a Bogen gt ye orent ses of l-minute 
errorse ; os Beaty ited ! band 
Hamels at All Hour ty” Positions vs _ Replsvener of ‘Some. Munerals With Mose: 

Ret erence Marks. Fe 

Comparison of clocks A and D, and wiesia F and H indicates a loss re 

accuracy when numbers are omitted at some of the hourly divisions. 


Addition of a 13+ to 24-hour Scale on a 12-hour Diale 


“Clock E, with the 13- to 24-hour soata added, was inferior to clock A 
without such a scale. ; ; 


Placement of 24- hour Position at t ae top vs- the Bottom of a 24<hour: Gial. 


"Glock G, with the 24+hour position at the top, was best in Part I of the . 
test, whereas J, with this position eat the bottom, was best in Part II of the 
test. This would suggest that in a situation where an individual can. become 
accustomed to reading a particular clock, as in Part II of the test, there is 
some advantage’ to placing the 24-hour position at the bottom: of the dial. 


Placement ‘of: the | ponnianve Position at: on To vse the Bottom eh ee dial. 
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‘The: resuitte: for oilers K phon Aika AesPy. thet the. umovieudiadate location 
K a the ‘60-minute position at the bottom of the edad CAUEES ‘B. pH PaRenings © of 
errors and should therefore be avoided. ge, ts eg REE whe it Eee 


SUMMARY AND: CONCLUSTONS- 


The purpose of this investigation was to evaluate a.number of. the possible 
factors in the design of clock dials which affect the speed and ‘accuracy of read- 
ings in military (2400: hour) time. -Five experimental -variations of .the,.12-hour 
dial and six variations. -of the 24-hour dial were presented as items.in a printed 
‘test. This test was designed for obtaining data on both speed and accuracy. of 

readings of ‘the 11 different’types of clock dial. This test was.administered 
to 62 rated’military personnel and to 100 advanced high school students. From. 
the results of this investigation, the following conclusions are drawn:.. . 


1. The best 24-hour dial can be read more quickly and accurately. in. oma 
Bi livery time than the best 12-hour dial. 

°8.:° Numerals on the minute scale (as contrasted with lack of such numerals) 
Ancreases ge reading speed and Rovstamabap £ f particularly for the Ader bat: dial» 


t ok mS fe ath » i> 
; : : _* is 


« ete . ie : ’ . P 
Sn . .. . 7 
. ' Py 
wre ’ 
- 


PSS 75 


3. When readings are required to an accuracy of 1 minute, dials with 
l-minute intervals on the minute scale can be read more quickly and accurately 
than dials with 5-minute intervals. 

4, The replacement of some of the hourly numerals with mere dots or 
reference marks reduces the speed and accuracy of clock reading. 

5. The addition of. a 13= to 24-hour scale to a 12-hour dial for afternoon 
readings does not increase the ease of reading a 12-hour dial in military time. 
. 6. The placement of the 24-hour position at the bottom of the hour scale 
appears to be slightly superior to its placement at the top of the hour scale. 

This dial arrangement leaves the noon (12-hour ) position in its conventional 
location, and gives the hour hand a logical. relation to he rotation of the 
sun about the earth. 

7. Placement of the 60-minute position at the bottom of the minute scale 
on a 24-hour dial (as contrasted with the conventional location at the top) 
greatly decreases the accuracy of clock reading. 

8. The results suggest that the best dial for readings in military time 
would be a 24-hour dial with the midnight (24-hour) position at the bottom of 
the hour scale, with the 60-minute position at the top ofthe minute scele, with 
leminute graduations on the minute scale, with numerals at 5-minute graduations 
on the minute scale, with numerals at all positions on the hour scale, and with 
shading of the lower half of the dial to represent nighttimes 
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gia Mest TABLE 6,1 | 
PER CENT ERRORS AND TIME PER READING FOR ELEVEN EXPERIMENTAL CLOCK DIALS 


Rated Wiiicacy ereohael High School Students 
* | N = 62 N = 100 
‘ey Pert ff. Part II . Part I Part II . 
Clock ‘Percent  Vareene Sec. per peeve - Percent Seo. per 
type . errors errors reading _ errors errors reading 
Ae 12 Pht cdiiaiesbes oa: ol bactie OF a 11.8 7.52 
Seo or lege gS aid ody Beet me 13.8 | 1,88 
Cusicl 1S WR fey it UBgde 6 40: 5.61 oF a ee Ce 8.55 
De. fis Gicciin Alen 2s det 13.0 Bo. salen $8.24 
OE 3 CoB sc: | (14.5 5 934 13,0 Se 23.9 es : 8.10" 
F 74 1 Gad 4.93 ee wee ee 
G 4.2 6.8 4.79 6.1 8.4 6.56 
H 10.8 17.3 5 640 1565 22.48 7095 
I 12.8 17.7 — 845 19.6 29.5 7479 
J Tet 3.6 5.02 14.7 4.9 6.86 
K 42.68 14.7 5.64 35.9 14,2 7.82 


Significance of Differences 


When the average error score for two clocks 
being compared is 5% 10% 20% 


The results can be considered significant (1 

percent level of confidence) if the differences 

between clocks are equal to or greater than the 

following: For rated personnel 3.5% 4.7% 6 2% 


For High School students 3.5% 4.0% 5.4% 


The results for time per clock reading can be 
considered significant (1 percent level of ° 
confidence) if the differences between clocks 
are equal to or greater than the following: 
For rated personnel »20 sece 


For high School students eSl See 


RESTRIODY 


ae 


ei 
TABLE 6.2 


FREQUENCY OF SEVERAL TYPES OF ERROR IN READING ELEVEN EXPERIMENTAL 
CLOCK DIALS (PART II OF TEST) 


Rated Military Personnel High School Students 
N = 20 N = 20 
Size of error* Size of error* 
Clock a 5 1 12 1 5 1 12 
type mine mine hr. hr. min. min. hr. hr. 
A 3 5 3 0 2 7 4 0 
B 0 3 1 a 4 2 5 3 
C 10 8 8 4 ed, Be 1 
D 3 9 8 1 5 7 5 3 
E 4 21i 8 6 .. sa 8 8 
F oe 5 0 3 : Sem ° 0 
G + eed 7 ) 1 4 14 fo) 
H 10 6 6 1 | 7 e -& fe) 
I 16 7 9 0 ll 6. oO 0 
J 2 1 1 1 1 0 5 fe) 
K 5 0 2 2 4 f°) 5 0 


* Entries in table are total number of errors of size indicated, regsrdless of 
direction, for 20 randomly selected subjects. 
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High school students er en 2D 


Figure 2. Per cent Brrors in Military Time Readings on Bleven Experimental 
Clock Dials (Part I) 
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S* PEO - omer: OF VISUAL INDICATORS. TO, FROVIDE SPATIAL ORTENTAT ION, 


ap EpALeL Tq. Ys Roger. Brown Loucks 
O1S.74. “University of Washington (arny) 
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sie pitpiptentat toy. ‘of ‘the. human organism ‘is Auch aad ‘an duet dies: with 
‘phealt aptitude, can learn +o interpret almost any ‘type “of flight’ indicator. 
There.-are - important. differences, however, in the ease ‘and accuracy with which 
particular. types of instruments can be interpreted. ‘Numerous © characteristics 
govern. the. interpretability of an indicator quite apart ‘from ‘its Tegibi lity, © 
which - is dependent. upon such factors. as size and style of numerals or ene ite 
of Spetssorcmavinas, + 


é at 
pes e 


a5) Psfhen lddswine as. 1930). it. Was | noted. ‘that certain gecag of axtipieial nePtgGA 


‘uahouberie were, somewhat unsatisfactory , because the attitude of the aircraft 
had: to.sbe:; inferred from the relative position of several moving elements and 


‘,¢puld not -be grasped. directly. .Thus the reports - of the early expériments in 


blind flying, financed by the. Guggenheim. Fund and conducted by It. James Ni: 
Doolittle ¢hrough the, courtesy of the. Army. Air Corps, state that one pe 
ive of: this..work was. “the procurement of a flight indicator which would be: 
‘simple. and. more direct. in its indication and. require less translation and mental 


- effort on the, part of. the pilot," (1,° p14). There can be no’ question but 


that. simplicity. of design and directness, of inter pretation play as peree 


«role in the: relative. intelligibility. of an instrument. And in the ease of... 


certain. indicators, there are such striking differences ‘of design that a group 


- Of experts. can evaluate: the reletive interpretability of the two’ instruments ©» 


on the: basis of. casual inspection. .It, has ‘been demonstrated in previous" ieee 
experimental, work, however. that the type of design preferred by an: individtal 
does not necessarily. result. in the ‘best, performance when he dctually uses ‘that 
instrument {2 ) In other words, it is highly desirable that the fireal evdluation 


~ 08a. particular. instrument, design be established on the basis of ab iseeive 


neagurengnts of sper Seman rather, then Subjective opinion. 
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2: rey attempting. to assess the relative effectiveness ‘of & Sant initia? atvorert 
.instrument design, the performance of riovices should be weighted * ‘very heavily. 
‘In the: experienced. pilot, the veneer of training has so thickly ‘covered: “Sie. =: 


original direct, and "natural" responses to certain conventional indicators that 


it is:almost ‘impossible | to recall the difficulties he exper iéncéd when beginning 


. instrument training... Rated. Pilots. can often give useful suggestions as to 


particular: situations. or maneuvers ‘which should be taken’ into account when 
evaluating a particular type. ‘of instrument. But experienced airmen’ frequently 
hold. widely. differing views as to the effectiveness of a particular instrument 
design or.panel. arranger.ent It is evident that each pilot" s opinion arises 
out:of his. partieular . training and experience. Inasmuch as ‘the: subjective im- 
pressions of consultants tend to be so very diverse, the only sound basis for a 
comparative evaluation of two instrument designs is ‘the: objective performance of 
representative individuals whose training and experience are known. 
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The basic effectiveness of instrument designs can be determined by measuring 
the rapidity with which equated groups of novices master the use of the respective 
indicatorse. Considered merely from the standpoint of efficiency in pilot training, 
the instrument which can be correctly read with the minimum of training has an 
important and practical advantage over other designs. It is also significant 
that any skill which is acquired with relatively little effort must, for that very 
reason, be. compatible with the subject's habitual and inborn fenction tendencies. 
The’ indicator which the novice can interpret most easily provides the minimal 
possibility of error when used by an experienced pilot who has been trained on 
that, same instrument In contrast, the indicator which is difficult to master 
usually causes confusion because it tends to elicit perceptual-motor responses 
which conflict with those required for correct’ interpretations :.The ambiguous 
instrument requires the subject to inhibit or block his immediete or direct 
response, tendency, and forces him to substitute an "unnatural" or sophisticated 
reaction. Inasmuch as an individual's perceptual habits are generally built up 
over a period of years and, in many instances, are based upon inborn reaction 
téndendies, an instrument which requires’ a subject to break up well-established 
response systems. is to be avoided wherever possible. “A needlessly long period of 
_ training is ‘required to master such types of instruments, and the. possibility 
can never ‘be completely eliminated that under conditions of stress or fatigue 
_ the. ‘pilot. may. revert to his original’ end more “natural” way of interpreting the 
an instrument. Under the emotional stress and distraction of an emergency situation, 
there is always a certain probability: that a pilot will misinterpret an- indicator 
if he has -had to disrupt or block his "natural" response in’ learning to -use-the 
instrument. “Any” indicator which is ambiguous to the novice is a-potential.source 
‘of | ‘error to even the experienced pilot, particularly in‘those situations which 
produce excessive stress or fatigues" The instrument which the novice- has, diffi- 
-culty in. interpreting is ‘this not'only ihefficient from the standpoint eis x 
training, | but a potential sourte of aircraft decidernts.: The ‘data: regent from 
, the, performance of novices Pas pigs of” gig eta epee tharer *t 


i “Although “the ‘Aiea abaY data: tthe rogers 6 thier interpretadsl toy. abs pon 
cular instruments must be’ obtained from-novicés, there are: certain practical, 


_» gonsiderations which enter into the overall evalustion of a specific designe 
~ Whenever | a new instrument’ is introducéd, thére are large numbers:<of: pilots, 


“trained on conventidnal ' instruments, “who must waster: the: use of. the*+new design. 
ait. ‘is, essential, therefore, that exper ienéet!’ instrument’ flyers: be:tested: in: order 


ae TT determine, the relative ‘degree of confusion: caused by @ new, designe , Where. 


there is the possibility of a choice’ between two new designs,, each: ofi which is 
super ior to the conventional ‘instrument’ as judged by the performance: of novices, 
the one which causes the ‘experienced pilot the ‘lesser ‘degree of habit inter-. 
“ference is obviously ‘the ‘better of: the: ‘two. In certain instances, .an: ‘Annovat ion 
can be introduced'‘without Catising ‘the experienced pilot any difficulty because 

_ the change. {sso radical: ‘he reacts to the modified design as: if it were: a - 
unique instrument. “He shows no’ Soatansyo vere iden rrenhictah dscns esa: - established 
dur ing previous ‘euGt ahent h adhe iy." wemas: bo were kei 
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To insure a thorough and comprehensive evaluation of an instrument requires 
that it be tested in a variety of situations. A particular type of indicator 
‘might be easily interpreted so long as the pilot is flying solely by instruments 
and using the interior of his cockpit as a fixed point of reférence. When the 
pilot is flying partly by instruménts and partly "contact", the true horizon 
may function as the fixed point of reference, It is conceivable that an instru- 
ment which proves satisfactory in the first situation may lead to confusion in 
the second. Some pilots when flying blind see the cockpit as stationary. As 
a consequence, the horizon” bar and pointer of the conventional attitude indicator, 
to take but an example, appear to move with regard to fixed points of reference 
on the instrument panel. In the second situation, where the pilot is flying 
contact part of the time and using instruments part of the time, it is possible 
for him to perceive the true horizon as remaining fixed, and the instrument 
panel as rotating about the "fixed" horizon bar and pointer of the attitude 
indicator. A particular instrument should, therefore, be tested in each of the 
above situations, Furthermore, since visual perceptions of relative motion are 
influenced to a certain degree by accelerations, which affect the semicircular 
canals and kinesthetic sense organs, data obtained with static or moving ground- 
trainers should be checked by measurements taken during actual flight. Various 
pilots have reported a feeling of vertigo when using a particular attitude 
gyro in cloud formations, and it is obvious that ground-trainer work with such 
types of instruments should be supplemented by tests in the aire 


While the effectiveness of a particular instrument design should ultimately 
be verified under actual flight conditions, the cost of personnel and equipment 
would be prohibitive were an instrument study to be conducted exclusively in 
planes. Due to the inevitable differences in instrument ‘flying aptitude, it 
may require a minimum of 60 subjects to determine whether there is a:reliable. 
“and significant difference between the relative effectiveness :of two specific . 
designs.” ‘Once thé superiority of a particular instrument-design has been | 
established, : “Et nay réquire a long séries of ‘comparative measurements to. taolate 
> “the basieé® ‘élements “in. the- ‘design whioh cause thé difference.. In: consequence, 
it may: “be” nééeséary te test. several: hundred subjects in. order..to:make.an analysis 


that is’ reasonably thor ough. - ‘Phe mére ‘factor ofthe time: required: toprocess. 


several ‘handied" ‘subjects in test flights makes it. impfactieal to conduct... such . 
a project: “exclusively” in’the air.’ It should be-noted; moreover; that umder | 
actual flight® ‘éonditions there are so many variablés.which: influence, pilot 


' “performance that it: would be very difficult to determine the: ‘proportion. of the 


total achiévément.- which’ could be attributed to‘ the use ofa. particular. instrument. 
Fluctuations? in air’ eonditions tend to introduce sp much variability. in performance 
that the’ effédét’ of: any one factor, such. as the use of a particular ee Lae 
may be largely masked. Finally,‘ the problem of. objectively. quantifying: - 
PETAR Pace, for ine, bhdicas fd tehe, +84, in oS dh an eet dale dee preter tk: they; 

In ‘view of the sonsLadavions’ pen ela de is Seah aye i, 3 Gonna’ 
the greater part’ of an instrument evaluation study by making comparisons of 


' “various ‘ndicator's in ‘the ‘ground-trainer situation. -:-This makes it. possible. 


to exclude many of the factors which tend to: make the :true: flight situation so 
variable. Whe: experimenter ‘thus’ gains ‘much more adequate control of. the. test 
situation ‘dnd’: ‘can ‘standsirdize ‘the ‘factors: which. influence. performance... This 
approath : ‘does not obviete ‘the neéd ‘to ‘verify various instrument comparisons, during 
actual flights There aré’ numerous “air matieuver's we) co be, se aie Opa” on 

the “grourid-treiner's I) Me kee oS by AY D8 Us ii a a a aa EI OM tiie 
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The work now being. initiated at the University of Washington, under contract 
with the Psychology Branch of the Air Materiel Command's hero Medical Labpratory, 
has to do with the general problem of orientation. One of the projects being 
_undertaken, within the general program is the determination of the relative 
“interpretability of various types of direction indicators. Because this involves 
maneuvers which are limited to turning in azimuth, a simplified ground-trainer 
has been constructed for use in this work The construction of a new ground- 
trainer was undertaken, in part, because of the extensive and highly specialized 
maintenance. required. by. the Link. ground-trainer, and the very serious problem 
of keeping such a device in calibration. Stability of ‘instrument-trainer performanes 
“ee essential in such work so that performance scores obtained on successive | 
sub jects and under varying experimental conditions. can be. treated comparably. 


Ks ‘The new ind simplified ground-treiner is supported. on a ' BAB9 turret mounting 
ring, and uses the associated motor and autosyn assembly, for turning the unit 
and indicating position, respectively. The original direct current turret. motor 
has been reconnected so that it runs as an induction motor and has a high degree 
of speed-constancy. The trainer fuselage contains a conventional bucket seat, 
simuleted control stick, rudder pedals, and instrument panele _ The control stick 
can be moved, but.turning of the trainer is. actually, ihitiated by adjustment of 
the rudder pedals. The instrument panel contains only two instruments, and only 
one of these is exposed at a time. Each of the panel instruments comprises an 
“autosyn | indicator mechanism. electrically coupled to the transmitter autosyn at. 
the, turretering driving unit. The autosyn position indicators. readily lend | 
themselves. 6 | transposition of dials, pointers, and substitution of. counterelock- 
wise, rotation for, clockwise movemente , A series of headings | is. presented to the 
subject, on a ground glass. window, just below the instruments... ‘The subject's’ t task 
is to manipulate the rudder. pedals , so. that the. trainer. turns to. the, heading. . 

_, presented on the ground. glass ‘and the setting of. the exposed. indicator, porif rms 
to the. assigned. heading... In going from one heading to, another, the: trainer turns 
at. the conventional’ rate. of one. revolution. in, two. minutes. Upon arriving. at the . 
correct heading,, the, subject. must stop. the. trainer. . After. a pelay of 2.5. seconds, a 
dows, The test is terminated. after the subject has completed : a. "specified . 
number of compass. heading's, the task being self-pacings Performance. is. soored | i 
in terms of. the number of reversals the. subject, akes in going from an. established i, 
_ heading. to an, assigned. heading, the direction of hie path, the. number. ‘of. times. 

he starts, ‘and. stops. and. the length of time. he takes to react. to each, new. 
‘setting . that appears. on the ground glass window. All of. these. measures. are. 
automatically. recorded on plepPnemanee se, counters. and timerse,-. ¢.. 


Witapar ions will’ eventually +e baad’ betied a ver sty of ‘eibeavibe indicator 
designs of which. certain instruments will contain dials which rotate in relation 
to a, fixed index., Other designs will, eonsist of horizontally rotating, compass N 
cards, as contrasted with the remote. indicating ty a... of dial. instrument» By. thr ow- a 
ing a. switch, the. clockwise movement, conventions Ly. associated with ‘Clockwise © ; 
azimuth rotation of aircraft can. ‘be converted ‘to. ce yikes aes rotations, . This 


outside the trainer. 
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When it has been determined which types of indicator are most easily inter- 
preted under: blind flying conditions, further checks will be made with the canopy 
up so that the action of the instrument can be evaluated with regard to external 
reference points of reference. Finally, experienced instrument flyers will be 
tested with various critical instruments to get’ an estimate es to the amount of 
interference that is produced in subjects who have been trained on other styles 

of indicators. 


i ‘de analogous experimental evaluation of aircraft attitude indicators 
was conducted by the speaker while at the AAF School of Aviation Medicine, 
Randolph Field, Texas, using the objectively scored performance in a Link 
ground-trainer as the basis of comparative evaluation 2). Tests made with 
aviation cadets demonstrated important differences in the relative intelligi- 
bility of various types of artificial horizon indicators. The present work 
being conducted at the University of Washington, under contract with the 
fir Materiel Command, is only now getting under way but preliminary results 
based on a relatively small group of subjects suggest that the objectively 
scored performance in the simplified azimuth trainer will also uncover highly 
Significant differences in the relative interpretability of various types 
of direction indicators, 


The azimuth trainer will also be used in collecting certain data desired 
by the Air Materiel Command with regard to problems of map orientation and, 
possibly, certain features of radar navigation and bombing involving orientation, 
Many airmen feel that a map is most easily used when its North points to geo= 
graphic North. Others believe that the map's North should always be aligned 
with the nose of the plane irrespective of true North, because instruments 
such as the fluxgate compass and azimuth stabilized radar scopes have North 
at the top of the indicator. A number of the fundamental features involved 
in the use of maps under blind flying conditions can be simulated by having 
the subject orient the trainer in alignment with a sequence of letter headings, 
presented on the ground glass window of his instrument panel, which corres- 
pond to a series of equally distant points on a reference map. Starting from 
an assumed position on the map, the subject is required to maintain his heading 
for a period corresponding to the time required to fly from one point on the 
map to another. The stepping switch then automatically presents a new heading. 
When the variables involved in interpreting maps, or, possibly, radar screens 
under conditions of blind flying have been investigated, checks will be 
made of the influence of moving reference points external to the trainers 
Wide canvas belts painted to simulate terrain as seen from an elevation, will 
be observed by subjects through windows in the trainer. The direction and 
relative rate of motion in these moving bests will be shifted as the heading 
of the trainer is altered . This will make it possible to simulate the situa- 
tion, for example, in which the apparent movement of the ground is from for 
ward to aft, whereas the track of the aircraft on the reference map may repre- 
sent a heading of 270 degrees. Analogous experiments involving the use of this 
trainer are also planned for the evaluation of radar screens where the radar- 
navigator-bombardier must shift from azimuth stabilization to a non-stabilized 
type of presentation, 


| aR 
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In all the projects discussed above, the major goal is the gathering of object- 
ive measures of performance rether ‘than evaluations ‘based’ merely on subjective 
opinion. Because, as it. was “pointed out’ ‘above, the performance. :data obtained with 
novices are of .such unique importance, the’ greater ‘part of this “program .will be: | 
conducted on this class of subjects. Wheréas a large part of the’ work will be done 
under simulated blind flying conditions, checks’ will be mede in situations which | 
simulate many of the essential characteristics of contact flying. It is‘recognized 
that this program must ultimately be supplemented by measurements of performance 
during actual flight. Nevertheless, it is believed that most of the factors which 
will insure optimum interpretability, can be worked out with arog tirvapinceee along 
the experimental lines described abovee 
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DISCUSSION: Wednesday Morning 


Lt. Commander Farnsworth commented on the "staircase" scale devised by Mr. 
Christensen. He pointed out that it was logical for a small length of 
line to represent a small number, but that Saiiend at from a configurational 
standpoint, the staircase should be reversed so that a descending stair~ 
case would appear as an arrowhead mire, the direction in whee 
the eye should move. 


Dr. Ellson asked Dr. Loucks whether the subjects in his experiment were able 
to estimate their location from the noise of the motor turning the turret. 


Dr. Loucks agreed that there were some auditory cues of motor noise present 


Mr. Goldberg emphasized the twin nature of the task: of pon ieateaont 
dials. Often it is necessary for the operator to read the exact number 
indicated by the dial, but more and more at high speed operation the ' 
operator's chief task becomes that of knowing the general position of the 

dial without stopping to read the exact value. .For this reason, in 
many instances thé use of counters is not feasible and instead, dials 
of another sort are necessary. 


Mr. Goldberg also emphasized the necessity for standardizing on numerals which 
cannot be misread when they are viewed hig lings 


Commander Dyke, in connection with the papers of Dr. Seanetx and Dr. Dadek, 
suggested that the effects of vibration of instrument panels might well 
be investigated in a preliminary way by producing optical blurring 
of numerals. He suggested a simple shadow projector which would make 
such blurred presentations an easy matter. 


In answer to Commander Dyke's question as to whether such a device had 
been tried, Mr. Gleason reported that to his knowledge it’had not been. 


Mr. Blackwell questioned the validity of the technique suggested by Commander 
Dyke for investigating the effect of motion upon legibility. He pointed 
out that the effect of a moving stimulus pattern on the retina would 
undoubtedly not be the same as that of a fixed, blurred imege. For 
example, it might well be found that a moving numeral would be more 
visible than a steady numeral, whereas there is no reason to expect that 
a blurred numeral would be more visible than a distinct numeral, 


Commander Dyke asked about the means of selecting the numeral design used in 
military instruments. He wondered if designers who have had great exper- 
ience with such matters had been consulted in this matter. 


Mr. Goldberg reported that the Bureau of Ordnance standardized on numeral 
design on the basis of service’ recommendation. It was egreed that the 
selection of numerals had been done with but little scientific investigation: 
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Mr. Sleight reported that Mr. Gleason and he had investigated the literature 


‘to ascertain whether careful experiments had been conducted to- determine 


the optimum numeral design. ‘On the basis.of replies from.dial manufacturers, 


' they concluded that agreement had been reached on the basis of conference 


sd eel than by caper inane? Pemanaaene 


Dr. Baer commented that the New York Department of Visual sau bisce, 24 


Captain Korb called attention Sie a bocilet nasentay, prepared ‘by the pe of 


a 9 ke Korb commented on the gratifying progress meade in the past several years 7 
in subjecting problems such as those discussed in the meeting to experiment- — 
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‘ bility. In general, this policy’ has been followed for reasons of..con- |. 
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“available which Soult be obtained upon request through the usual channels. 


' competent groups to this ‘end. 
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of dial scales in conducting experimental investigation of their legi- 
venience. It seemed the consensus of opinion that © it would be advisable 


Medicine and seer entitled, "Annotated Bibliography on Human Fectors in 
Engineer ing Design". -He reported that two or three hundred copies were 


He mentioned also that the Bureau of Medicine.and Surgery was anxious to 
have the Bibliography made current and would welcome aii sap se from any 


al investigations He felt that the next few Ea" §. shount PE PHS very real 
a in these — ‘ 
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VISUAL PROBLEMS IN INSTRUMENT DESIGN FROM TIE 
. PEL NERY re. OF yay 


Mrs val eg1tenaa* 
Its Cols C wE. Reichert 
Aero Medical Laboratory, Wright Field 


. Mr. Callahan demotistrated a sample aircraft instrument panel and discussed 
various features considered in its construction. He commented that for emergen-~ 
cies, it was necessary for the dials to be spread out over a fairly large area. 
For example, he reported that an instrument which*combined approximately ten | 
indications was once constructed by Sperry. It was found that in emergencies, . 
the pilot was unable to use this ris coh lla a because of the excessive concentra- 
tion of information. 


t ey reference to the use of flashing lights for warning the pilots about em- 
ergency conditions in flight, Mr. Callahan reported that the use of such lights 
was objectionable to the pilots. In the first C-46, for example, although 
some 30 such lights were provided, the pilots always carefully covered them 
with adhesive tepe. In reference to the selection of numeral styles, Mr.. 
Callahan reported that the Army and Navy selected their dial.designs on the . 
basis of years of experience by. gas, electric, and water-meter readers. 

Mr. Callahan emphasized the necessity for instrument indicators which do not | 
fluctuate, but which have sufficient inertia to hold a steady readings - 
The general principle being utilized by the AAF instrument designers is to 
condense the indicators for erch engine into one place so that the status of 
each engine can be observed et o glance. In general, dials have been designed 
so that under normal conditions the pointers are parallel to each other. In 
this way, any abnormality forces itself upon the pilot's attention. 


Mr. Callahan emphasized the difficulty of providing a P-80 pilot with 
sufficient instruments to permit him to fly successfully. The P-80 pilot, 
traveling 10 miles per minute soon loses himself with respect to his navigation 
maps. In general, research is being conducted along three lines: (1) the 
development of an instrument which will compute high-speed flight positions, 
and, by means of a push button, make them available to the pilot; (2) the 
development of a recording mechanism which will enable the pilot to refer to 
dial values at any time; (3) the development of a means to free the pilot from 
the use of maps by automatically giving distances from his base, and bearinge 
Mr. Callahan remarked that the present system of fluorescent markings, illumina- 
ted by ultra-violet, has many engineering advantages over red flood lighting. 
Lt. Colonel Reichert emphasized the problem of providing the pilot with adequate 
vision over large areas in modern planes, which of necessity must be free from 
large flat surfaces. He reported that periscopes had been tried, but that they 
led to confusion on the part of the pilot and did not provide him with _ 
sufficient field of view. Colonel Reichert expressed the wish that an optical 
device be developed to enable the pilot to have adequate vision in high 
speed aircraft. In addition to these problems, Colonel Reichert was parti- 
cularly concerned with the adequate arrangement of instruments in the cockpit. 
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His group attempted to placé instruments on a hemispheric surface so that each 
instrument would be et an equal fixation distance from the pilot's eyes. Colonel 
Reichert emphasized that the trend towerd larger aircraft and higher speed 
carried with it a decreased number of personnel whose tasks become increasingly 
complexe 


' 


DISCUSSION: . 


Various:members of the Committee discussed the controversial issue as to 
whether ultraviolet or red instrument lighting should be used. It was emphasized 
again that if: dark adaptation is necessary to the pilot, red lighting or a red 
or. orange fluorescant material would be more desirable than the present yellow 
fluorescent.material. . Shy ata 


Dr. Scobee remarked about the fluorescence of the human lens due to ultra- 
violet’ light which: produces the impression that the pilot is flying in a foge 
He’ emphasized that although there is no evidence that damage to the eye results 
from the ultraviolet light, the fluorescence ‘of the lens does reduce the dark 
adaptation of the pilot. 

-Various members disoussed possible ways to eliminate bothersome front sur- 
face reflectance from instrument dials in aircraft coukpits. Suggestions included 
low-reflection coatings, the use of "pigeonholes" to obstruct the reflections, 
and the use of Polaroid to reduce specular reflection from the dial faces, » 
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SUMMARIZING REMARKS 


‘dD. Ge Marquis 


Our survey of current and contemplated research studies calls attention 
to the fact that there are two broad classes of visual problems: (1) direct 
vision, in which the observer is able to regard the target object directly; 
(2) indirect vision, in which data are transformed into some type of instru- 
ment indication for reading by the observer. Dr. Peskin reminded us that 
the eye is not a different instrument in these two cases. Its "private life" 
is the same. The variables which affect accuracy and reliability in the two 
visual tasks, however, are differant in many respects. 


Dy, Fitts pointed out that analyses of the type of mistakes which. occur 
in reading indicators and scales have defined the areas in which further work 
is needed, Dr. Mead emphasized the need for basic general information so 
that adequate help can be given to engineers in designing instruments as well 
as in testing them. 


Throughout all the papers three basic variables have been recognized; 
(1) the design of the instrument presentation itself; (2) the level of illumina- 
tion provided by the instrument; and (3) problems of the observer, and obser- 
ver-instrument relations. 


It has become apparent that a scientific attack on these problems is 
extremely fruitful. From the research studies in which specific results have 
been obtained, it is evident that a 10% improvement can be made rather easily. 
In many cases, a simple change can result in 100% decrease in errors. 


Three general characteristics of the various research programs described in 
this meeting are striking. The first is the careful planning of a broad and 
coordinated attack on the various problems of instrument legibility, and it is 
gratifying to see the Army, Navy, and civilian groups discussing their plans 
and preliminary results at such an early stage of their research. 


The second is the sound factual approach to the problems. The researches 
have started with an analysis of the job the instrument must perform, and of the 
errors that occur in that performance. It is interesting to note also that 
methodology has received specific attention in the planning of the research 
programs. The experiments have been designed so that results will be clearly 
interpretable and can be related to the results of other studies. 


The third characteristic is the exciting possibility of invention in this 
field. Original new ideas can be tested in the laboratory and deVeloped for field 
usee Two years from now we may well expect to hear of many inventions--new instru- 
ments--which will come from these studies. 


In a comprehensive research program such as we have heard presented here, it 
is desirable that each experiment strive for maximum generality of its conclusions. 
A large number of variables have been discussed which affect dial legibility, and 
in no one experiment can all of these be studied simultaneously. When sufficient 
data have been collected to warrant a fairly adequate decision, standardization 
of each of these variables should be made so that data from one laboratory can 
become immediately comparable with data from other laboratories. 


EAA: mE SE mane di a a Lele aa 
* gids comer. e PE Be: Ee ae . pale ssthe <: 
| si ts de equstoceeinias team kA BAN gine Lhe ee aay 


eet i rear Par iiimne saipesa Hoteeant ‘hataiqnetned. ory dees wo. to yore “0 


Mrgstth 2) ‘dose f vel ‘to ‘peeeal si bavi o owt ote otedt sade test ond oF 

i gel ose: 14 Foe Seater ak? 6 hisses o2 eidw ef teveesdo edt moidw al gntals 

vader? Jo awd: omse otal beorretsaadtr ewe ated dotdw of Pah ofaly toonthal § &) 

1 Se ME bad stb es nopindhaceticlncgiaes eae? Co Siibzet +o4 zat (tactbal. doom 
FREE BI PRENR eRE yusesd pa ies ile eon ant tnetwtTth B. 108 af a I ol 


db aa avi dod 


ea 


; woos Sag ta pied paldartae eat. 5 Sake ; 
Daeg iy ere pace mpoy “ae Apres ert rar 5 ics ae 8  gaevewss Pa sT8et tap e: 


pce 
ra 
s 
oe 
ae 
- we 
“a 
ta 
en 


tla aqyt eff %o- eweylaon fads tuo betatog acti%. One, 
aed gate watt haat tah evel. re fag bis eeogael bar: pelbaet at 
neater s Bi f¢od 462 beer $53 S6z.ier qa bao" a“e heb on & 


ef-s ed Pads oF. ger 3 ad fas ore Lee oleh 3 


“thes kid Pere i 5 orad ‘ olda aoe bial eesdd eed ae arid 
oe baet ht 86 deved add (2) ortlnedl peEdatre de ts dura tte wis $6 eat ) att. 
; ot fae atynrton chy. elt wa aneldoty 1%.) Son gop sere tet - ent. vd. bepive 


Ea Fe a 


pin Chath hee mange eee. ble GR Ot Sige oen tess” ae -shottats” Joann" an 


od 4 pete L otes te KORA. ie deathe of%) SR Oe tele taeviege Pyrre ood past $. . 
ered Milde af4igads gait Re fa! baths _donesast oat aovt ,ivtdiost ylomeate 
syilboe twectet ofa st ans at ag gin MT. o ted deebive of dt, shenlatdo 98 

eH4NIy at apseresk POOL at dimed S95 NOOEEe Ore cle # .89Beo. prem 


ai. Gudiioded Beetgotg de<deaet. avelyay add to seldelratoevade Lawdey ast ees 

haa fae. @ Ap. BAinentg dwtevtes od? #2 deat t ad? . sgubaliade ote galie ald 
et gh bine ,ebilidiee! yoamutzed! Ye eaeldesn avolsay edd ao toette f Se 

‘aante Ahead ut tases 6 eqvoia oallivie bre seral .UTts edt e6a oF galy 

: poset ‘ vids, De OB Bare xi xae, as dows, ta: : aedanes wreak £ 


+ 


gente tiiroe's. aad? ‘vised vo ae Aer: ae oan ner a. es he vOR aks: a hroons ad 
orn Ap Sua. ae ag. Milan. douns Yeaa ead dat ed? Yo Gieylane me the pads 

fete coly eden of anitaursdrt ut 31. segue any dadd at | 
St pedet a te gatorahg add ert cebdtatte wPlineds he 
lipees Ue adivee’ 2349-60 foaatevb stead emed ate 
: dibs daseahic’ levis aus ome ant st hotelen ¢ 


4 oe 


RES do], 93 
ABSTRACTS 


| i i ‘petonte Instruments for the Study. of Camouflage. 
) The Research Laboratories of Interchemical Corporation — 
Section 16.3, OSRD Report No. 6556, Augen 25, 1945, 72 pp, (0) 


s “mp number of special siabsbnciion thanks level ian mae, in: manetiare research 
were constructed. The ‘instruments included: (1) a combination reflectometer 
‘ard microdensitometer, (2) an automatic recording photoelectric goniophotometer, 
- (3) a haze meter, (4) a sun-ratio meter, (5) an alternating current telephoto- 

., meter, (6) & sun photometer, (7) Py _ horizon leatiiaihie photometer and (8) a sky | 
brightness comparator." 


173. Camouflage Finishes and Related Problems. 
The Research Laboratories of Interchemical Corporation 
_ Section 16.5, QSRD Report No. 6557, Sait: 24, 1945, 306 pp, (0) 


"A report is given of the pigment evaluation summary made to ‘analyze: ‘various 
commercial pigments with respect to their similarity to chlorophyll-besring vege- 
, bation. A new type black pigment is described, which reflected only 2.2% of 
- the. incident . light instead of the 4 or 5 per cent characteristic of standard 
ei matte black paint. ‘This product has beén found to be useful for simulating 

' shadows on the ground. A sage black enamel was developed whose diffuse re-. 
flectance was less than 0,1%, It has been found by tests that this paint . 
permits a high degree of success in rendering a plane invisible in searchlight 
beams and in making it difficult _for search light operators to maintain 
-..contact with the plane. (This paint was adopted by the RAF and Ti ie 
‘units of the AAF for use in every theatre: a REPRE « ex 


"In addition, work is' reported on: ‘(1) etic. Catedeins (2). Eanecteias. emulsi- 

_ fiable paints, (3) high reflectance white, (4) gee” tage sensitive paints, 

“tay: adhesive. Por oamouf lage,” (6) matches ee etbinai it sted ae ae woe > he 

ey We yd gigi Factors: dri the Die tied of Military Alroratt. “ru: £9 af 
.EeAe Pinson and A. Chapanis — 

ny ALR. = ‘ATSc ¥ “Engineer ing’ ‘Divisions: seni seat gp A Weight. Field 

The ‘Journal 6f ‘Aviation Médicitie; Wolume/17, Number .2,.-April, :1946, -&. ‘Pp. (0: A 


ithe. experience ‘of ‘this war “hes: shown ‘that: ‘standards ‘of visibility from military 
airgraft, must’ ‘be very high for” ‘maximum “dpéragionel: ‘efficiency. .A number of studic 
have . ‘been undertaken by" ‘the: Ayiy” Air ‘Forces: to provide a. set: of. reqommendations 
to aircraft designers regarding the ways’ in which: these:standards. of high:. 
visibility may be maintained, Two groups’ of studies onthe: fields of “Wiéw" Prom 
_.. Pighter.. tytn hel and the Muted quality bi yarpeceiue t olapien are AE ASO 

in this ‘paper ." ‘: 
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175. A Device for Demonstrating the Effects of fnoxia on Vision. 
& Chapanis Riper 
_\— AsA.F. - ATSC. Engineering Division, Aero Medical Laboratory, Wright Field 
The Journal oF Ayaeps Ot Meenas Volume 17, Number 4, August 1946, Qpp. (0) 


"The sani enhitaase chia! Air Forese Anoxia Demonstretion Charte were devised for 
demonstrating the effects’ of anoxia on contrast. sensitivity. Results on over 1,000 
subjects show ‘that a’ demonstration with these charts: convinces over 90 per cent of 

‘ indoctrinees at simulated altitudes of 15,000 and 16,000 feet. . The demonstration is 
easy to explain and administer, requires little in the way of apparatus and props, 
and can easily be completed in*fifteen minutes. A survey of AAF Altitude Training 
Units shows that the demonstration can be successfully integrated into routine high 
altitude indoctrination flights." 


A Projection Timer for Visual Research. 
C.E. Woollen and Ff.’ Hamburger, Jr. 
U.S. Navy - ON. Special Devices Center, Electrical Engineering Laboratory 
ot The: Johns” Hopkins: Univer sity 

Memorandum report, 166-1-4, 10 November 1946, 11 pp. (0) 


176. 


a witch 


sf device is described for’ spovtetne visual images for research dealing with visual 
display, methods» The’ apparatus will produce images variable in diameter from three 
inches to five feet, with exposure times adjustable from 0.15 to 0.8 seconds with 
‘build-up and decay time not ‘exceeding four milliseconds.” 
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177 Accuracy of’ 0781 Trangaiiésion a rch. nid Information. 
aA, Uraenie 6 6 


U.S. Navy - ONR. Spécial | Devtoes Center, Systems Research Field Laboratory 
_ of The Johns Hopkins University g- 
Memorandum report. 166-1-5, 1- December 1946, 12 pp. (R) } 


"This experiment nine he’ speed and accuracy with which target (bearing and 
range) information can be transmitted orally over sound-powered telephones. 
Teams of two men each were employed in a total. of 84 experiments in which target 
bearings and ranges were read at rates of 4 to 16 per minute, and for various duraq- 
_, tions ranging from 10 to 60 minutes. ‘Tape recordings were made to discover whether 
errors had been made by the ‘talker: or recorder. The data show that: a 


Talker | Most of the errors°in the oral. transmission of target information are 
V8. _made by the recorder who must receive ‘the information, remember it 

Recorder “momentarily, and write the information down. Very few errors are made 
“Errors by the talker, and’ in general they do not exceed 2% of the total, even 
ay at the ee i i. he vheaesir 


Errors There is a constant _ Level ar average error (less chen 2%) in tare 
VSe get information transmitted orally when the rate of reading is 10 
Number of targets or less per minute, Errors in target information at reading 
Targets rates of 12, 14, and 16 targets per minute increase markedly, and at 

16 targets per minute reach’an average value of 25.5%. This means 
that a rate of 16 targets per minute, more than one in every four targets relayed — 
by telephone and then recorded contains an error. 
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Digit-Target The ratio of number of incorrect digits. to number of target errors 
Error Ratio can serve as a measure of the severity of target-error. This 
Vse ratio increases as the reading rate is increased. Taken in con- 
Number of | junction with the findings recorded above, this. fact means that, 
Tergets at high transmission rates, the percentage of incorrect targets 


increases-and in addition, the errors are more serious because more 
digits per Seierent targets are missed. 


Errors . When the data are analyzed in successive 10-minute work samples, 
VSe there is a consistent increase in the percentage of incorrect 

Successive targets for successive 10-minute intervals. In every case, there 

Work Periods is an increase in the. percentage of errors, even between the first 


and second 10-minute intervals, 


Differences Extremely large individual: sl Pherasees were found among telker- 
Between recorder teams in the efficiency and accuracy with which they 
Subjects ©. could transmit target information orally. These individual 


wi @ifferences are so large that one profitable attack on the 
problem of * aaa a the accuracy of transmitted verbal information would be 
to select teams of men who are most capable of performing this ‘kind of work. 
Since, personnel :selection, does not fall within the -scope of the research activi- 
ties of this project, “this-line of investigation will not be pursued further here. 
The, finding, :héwever ,., is recorded for the guidance of other research groups which 
‘may be interested in. this problem. 


Sake | as ai wholey;. these exper iments tll il thet there is a very definite 
"Limite in. ever alge: -fuman, capacity to perform the kind of work involved in the oral 
. transmission: “Of target. SL OE AT LON especially when the rate of transmission 


“exceeds 10 targets: per :minute.' 
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iain Compilation of Research on Abridgement and Administration of the A.O. lst 
-Edition Pseudo-Isochromatic Plates. 
So Tban Farnsworth and Priscilla F. Kimble 
“S=6. Med@ical Research Department, .S. Submarine Base, New eae Conn. 
oy Color Vision Report No. 14, X-749 (Av-384-k), 9 December 1946, 21 pp. (0) 


ea of the general son for a more reliable screening test for color vision 


_. within the. Navy as well as in civilian activities, much investigation has been 
», /undertakeri: on the diagnosite value of the American Optical Co. Pseudo-Isochromatic 


Plates. sessile sixteen such. researches are utilized in preparing this reports 


nig ‘sisLeotion bf the best plates was made for an hey gale edition. The following 
‘plates were found to be of highest diagnostic value by four methods of analysis 
and by a majority of authorities: (Plate. No. ) 8, O70 Bly BO, RO aaa Mees Oe 
Hehe, 


by dialer war ts 
A Spd sachs. Bees 


& nie less: ‘than: 2. dabetioaneiade on the above series, the examinee is almost certai 


“dy color normal ;/ if-. more, than 5 errors are made, the examinee is almost certainly 
colot defectives: If: 2 -to. ‘5 errors are made, administration of the following less 
diagnosite plates may increase the reliability of the test: (Plate No.) 43, 14, 
24, 9,40, 21, 10, 44, 35,.36. On the total series of 20 plates, normals are 
likely to make no more than 4 errors, color defectives not less than 5 errors." 


fori. 
- ‘ 


_ ly color-defective personnel. In addition to standard signal’ glasses, certain spec 
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Demonstration plate No. 25 should precede the number platen” and Nos 46 ‘should 
eters the’ tracing plates. ms 


"The above: 22’ plates will constitute a serviceable screening test to separate color 
defectives from color normals in 95% to 99% -of the cases tested. Such a test cannot 
indicate the degree or kind of obteri derooby ee 
"Each plate should be mounted one to the page so that cay can be shown soprano 
and in random order. Until such an edition is issued, the present edition can be 
utilized by covering the rejected plates with black papere ke 


"The tests are designed to be given under light of average daylight quality and i 
neither reliability nor validity can be expected under other illuminants. An easel 
lamp (Macbeth ADE-10) has been designed to hold the plates at correct Fae 0 under — 
‘proper. brightness and ual sy of illumination. fone. 


"Proposed SGbtFGStl ons for selection of bq gael for administration of the. abr idgmen 
and for’ scoring are given in Appendices." : 
179. Confusions of Colored Lights at Small Subtense iy 4 Prathns and Deutans 
- — Dean Farnsworth 
.. Medioal Research Department, U,S. Submarine Base, New London, Conn, © 
' Color Vision Report No. 13, BuMed X-263 (Av-15l-c), 25 September 1946, 20 ppe 


"A laboratory survey was made of the recognition of colored signal lights by partie 


al filters were studies for their diagnostic value in tests for’ ‘color-blindness: 
a yellowish-to-bluishgreen series, pure red, and fies seo e-cap ee ta 3 orengishi-red 
and purplish-blue. Sones 


"Tt. yiel s- Boia: that. colors -which. differed in. bilueness. dr. yellowness. were’ best - 
distinguished from each other by color’ blinds. . Approximétely ‘9%: of. the. males of 
of partial ‘defectives are ‘included in Naval ‘personnel; therefore, Yecdgnition 

of color signals would be promoted by the use of ‘green signals which are as 
bluish as is consistent with She condition in which bre are Resi ag 


oe Oe 
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es was found that ‘colors in ‘the region extending from ofengishafea’ ‘ind purplish- 
red at one end of thé ‘color diagram to yellowish-green’ and biluish+gréen’ ‘at “the 
other were least distinguishable by color defectives.” Theréfore; “the hentérn 
tests for color vision which utilize yellowish-greens and slightly pinkish-reds 
will be most reliable’ as’ test for “éolor: deficiency. These’ colors’ are being” 

. tested in the pilot models: of ‘the proposed, aril lanterns . WY 8% ore 
Sieneeitived recognition curves for the eiunieah colors are reiebes in the ‘dis- 
cussion section. Practical applications - of the findings are given ina Specific 
‘list of conclusions ‘in’ ‘vegard ‘to the selection of” ‘signal ‘Lights avid to ‘Yantern 
_ tests for color. defigtency, The Pel leor 's ‘was | conducted: ‘in soopératién with the 
Gorning Glass Works." 
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INTERROGATION OF PROFESSOR G. VON STIDNITZ _ 
at Beltane School, Wimbledon, on 8th April, 1946, 
) Target Nos. C24/539,' 09/837 


- British Intelligence Objectives Sub-Committee 
Interrogation Report No. 70, 4 Sept., 46 


‘Interest: Research on Structure of Retina (M of S, Gp. 1) 


Retina:- a. Improvement of night vision. 
b. Sensitivity increase in infra-red. 
CG» Restoration of normal colour vision. 


"Professor G. von Studnitz was Director of the Department of Zoology in 
Halle University, a position he had held since 1936. He had conducted research 
into the structure of the retina with particular attention to the nature and 

-funetion of the photochemical substances of the rods and cones. ‘His work prior 
to the war was published (in 1940) in a textbook "Physiologie des Sehens". He 
‘had isolated biochemical substances from the rods and cones of rétinae. The cone 
substance was. further analyzed by chromatographic methods, into three substances 
which he claimed were the three colour sensitive pigments of the trichromatic 
theory. In addition he had identified the various oi pec Precnens SO 
isolated. ae 


"In 1942 he was requested by the German Navy to seek methods of improving 
the night vision of naval personnel. He also carried out research into methods 
‘of increasing the sensitivity of the retina in the infra-red and into the 
possibility of. restoring. normal colour vision to those who were. defective The 
German Nevy considered .the . improvement of: night vision as ‘the most: Pes seepeethaana 
i the BPP 9Re 2. i sur MRO 
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Tm rovenent of Might, Vision 


Mepag peeing Mg ‘were ge ole al (a) the "baginteeheron’ 6f vitedta: deneniieds ees 
administration’ of a,compound akin to the photochemical substance ere from 
the areae-e Ae Dermweeray h 


(a) - itamin : i , : san ' Ee ak NATELY ly lS sree nt hen 


“Wassive doses -of the vitamin (40, 000-250, 000. units/day) were “tried. 
Animal experiments-6n the absorption of the vitamin. by the intestine showed. 
that for efféctive absorption emulsification (with gun . arabic) was necegsary., 
_ Rod threshold measurements showed about.a‘I5 fold: ‘impravement on laboratory | 

workers, Thé findings were ‘confirmed:on.a larger. number of Naval personnel, | 


“Unemulsified: Se eagoaegs A; wae? on a,control group,..failed to, produce an 
at egos al + Prot ve Pos Pe alagt na) a 


Ae PG ch ears . % i ll a at 
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(>) Photochemical Substance of the Rods 


"The precursor of the visual purple was believed to be Lutein a substance © 
related to Xanthophyll. The preparation of’this substance in an absorbable form 
proved most difficult and it was decided to use the Dipalmitic acid ester, Helenien, 
instead. The latter could be extracted in pure crystalline form from a species 
of marigold (Tagetes Patule Flore Pleno). About 55 gms. could be obtained from 
about 500 square metres of the crop. Emulsified preparations of the extract were 
given in doses of 200-600 milligrms. per day for about a week. An improvement in 
rod threshold resulted which reached a maximum in about 8 days and persisted for 
several weeks after withdrawal of the drug. Only rod threshold measurements were 
made, using the Novak Adaptometer, and amounted to a 10-15 fold improvement. No 
visual acuity determinations at low field brightnesses were made. It was also 
shown that the cone threshold, as measured on Comberg's Nyktometer (A Snellen 
test ohapt read at low brightness) wa s favourably affected. 


My quantity of. Helenien Was produced by I.G. Farben, Wuppertal and a large 
scale experiment on 400 naval personnel was carried oute Prof. v. Studnitz head 
not seen’a report of this experiment but he had learned through a Dr. Famburger, 
‘who was conducting the trials, that the results were "better" than the original 
‘laboratory tests (in which about half-a-dozen people were used). The production 
of the «substance was extremely expensive and in 1945 v. Studnitz had been 
conducting animal experiments with a view to improving the absorption of the 
chemical. He had shown that after absorption the Helenien was stored selectively 
in the retina. The administration of the drug caused no noticeable ill-effects. 


eel ren taierad it ionsion | 


AInvestiigations. bate ant conducted into the nature of the reaction products : 
when the red sensitive substance of the cones was “bleached” by exposure to.lights 
It was found that when the red photochemical substance was actédon by red light 
it gave rise to another substance whose absorption increased rapidly in the range 
7500 AP = 10,000 A°. It was argued therefore that after exposure to red light 
the eye should possess an increased sensitivity to the deep red and infra-red. 
(assuming that the, increased photosensitivity of the bleaching product gave rise 
to’ a visual :response.)*.., The bleaching product proved to be transient but ‘it was 
discovered that the administration of Vitamin C tended to’ stabilize it. . -. 


"Subjective measurements of the brightness of a photometric field at 7500 A® 
against another at a-shorter (red) wavelength showed that the brightness sensation — 
at 7500 A° increased following preadaptation in red light. ., The optimum time of ; 
preadaptation was 2-5 minutes at a field brightness of about 50 candles/sqe. foot. 
The effect normally lasted from 1-2 minutes but its persistence. could be increased — 
to 10-15 minutes by the administration of 150 mg. of Vitamin C per day. .The Z 

effect was most pronounced abotit- 6 hours after taking the vitamins ., . _ 


"The precursor of ‘the red substance of the cones proved to.be.Astaxanthine | 
(prepared from lobster shells ) and the administration of this in conjunction with 
Vitamin C materially increased the sensitivity of the eye in the deep red. Ex- a 
periments of this nature were in sat shaw at the end of the war and the results 


are still incomplete. : 
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Improvement of Defective Colour Vision 


"In addition to its being the precursor of the red photosensitive substance 
Helenien is also believed to be the precursor of the cone substance having its 
maximum response in the yellow green region of the spectrum and which is one of 
the three responsible for normal colour vision. Assuming that deuteranomalous 
trichromats suffer from a deficiency of this receptor substance, it appeared 
likely that administration of Helenien would produce an improvement. Three 
subjects were tried, measurements being carried out with a Nagel anomaloscope. 
In one subject a marked improvement resulted and significant changes were noted 
in the other two but not always in the direction of normality. By administra- 
tion of the drug to a normal observer an excess of the yellow green pigment in the 
retina was produced which resulted in anomalous colour vision." 
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INTERROGATION; OF PROFESSOR, SCHOBER | 
at Beltane School; “Wimbledon, on’ 25th April, 1946 
WwAten Hid din bainiey o s TaRBes No. 09/932, 


aad, , British ill Geena Shiceniene Sub-Committee 
: - sPrgbndidie Raper Noe ae 6 Sept. 1946 


av8oatt teety os Ba a4 
Interests Research into Physiological Optics and ATTN RE: 4y 


4 ieaaiaemee Herbert Aer abd worked at echnische Hochschule, Vienna from 
1987-1939 «whey jhe transferred. to. Deutsche Seewarte, Hamburg, in which he rema*tned 
untilthe:end of the War. Dur ing this period he was concerned with a variety of 
problems in Physiological Optics and Illumination that arose in the German Navy, 
eg, Might*Vision, Glare, Night Myopia, Illumination of Instruments, etc. 


Night Myopia 


"His attention had been called to this’ problem by certain work carred out. in 
~ Madrid Univer ssty in 1943, .(which has. since been published in the Scientific 
tptéss). > Hécdrried dut both laboratory exper iments and ‘large scale sea GAN in 
mine sweeping flotillas. In the: laboratory experiments he conducted visual: 
"tacuity tests at a-brightness. approximately. equal to moonlight and found that a 
correction of; #2D.as: compared: with that required in full daylight gave maximum 
abeitepes : earn corrections: were: obtained URIBE ord piEy eres hep te lenses. siden 


Pat °, 
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ot in ie: sea ‘ahduton had made a al of ‘the day. and. night’ Pogus” of’ 

» baiwetdene! and’ found: that the letter.was about 2D more negative, than the former. 
At the close of the War he had recommended that binoculars at night ‘should’ be set 
2D more negative than by day. This procedure received favourable reports from. 
mine sweeping flotillas. tr ens nA sens led 

ee Pdgle fa stan uretens ty ; 
"Bi scworks on this’ semhlow: was  Sceatake at. the end. “OF thet War ahd though 
wilted eagle dah “phenomenon of. iia halal established. as, 8. fact, “he was uneble 
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oo “He chad: carried: out & Lietied. quae. ‘of: experiments ¢ on the ‘npr overient bs 
night ‘wiston: by means : of drugs... Dur ing. certain. sea trials he acministered 
VitaminwA:toia number ‘of observers but .the results were negative. He had’ since 
learned that Vitamin A should be administered in an emulsified’ form and he nel 
attributed his eerere to this eal 

"In hie, ebevatory: ‘GxpeFSHORtE ye “had tried-a. reiiooad preperation, ‘extracted 
from foxes, but with no “‘markéd Buétésse" "He had-tested: night- Vvision-with 4 
Novak: Adaptoneter. (rod. threshold. instrument ). and had also used the Comberg 
“Adaptometer : (cone. threshold), . He -was;, unaware: of the. exper iments initiated in 
z ‘the’ German: Navy by Fresnel oq: Studnitz, of Helle olmdng" 8s, on the: impr ovement 
SoPs might? wistong Fe ee ea ween ett ei yetest dv EON oe NR ae mena 
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Magnification and ends pupil of hand-he1d binobulers’ 


"No biksebtoes ieuetneiie on ‘hae rere were carried out but rather he 
concentrated on large scale experiments in Warships at night. He fitted various 
binoculars with stops overthe object glasses to seture various sizes of exit 
pupil. He used marks painted on ships as targets for his experiments. He saw that 
each observer was corrected for night myopia before the start of an experiment. 
He used about 1, 000 observers in che course ce Spe oe paar. agreed 


s 


"ks a result of these trials he found that it was definitely of t advewcee 
to have an exit: pupil of 7 mms. diameter. He did not agree with Zeiss: investi- 
gators who had’ stated that an exit pupil of 5’ mins was sufficient. As’ regards’ 
magnification as far as hand-held binoculars were’'concerned, it was. not profit 
able because of the inherent unsteadiness of a hand-held instrument. to ainerease 
the magnification’ beyond 8. In his opinion the best hand~held instrument WAS, - 
an 8 x 50. 


., Use of Red Leght for Dark ‘Jorhat ton 


"Experiments had shown that good dark édaptation 4 was lacliieved if an ohaerter 
wore. goggles containing Schott RG. 2 ned glass 2 mmsz' thick for ‘about: 30 minutes 
before going ‘into the. dark. Schober’ remarked that the German’ surface Navy was: 
slow to take advantage of this though he had recomiended it for alk bridge persone- — 
nel. He regarded the blue lights used on bridge instruments: ds: unsatisfactory» 
Instruments should be lit with red lamps which did not transmit at wavelengths: 
shorter than. 5800 A°, A trial of red lighting was being carried out on the 
PRINZ EUGEN in the latter part of 1944 but was not. completed. The useof red. 
goggles for dark adaptation was viewed more singe ier wl Snes ee Se saitaieinds 
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eo7) ese Lighting ; 7 NEA RONT ke “ne 


"As stated, Schober regarded blue Lighting of tanweaate at ty ely as 
unsatisfactory and advocated red. He had’also“investtgated the use:of: radio- 
active (self-luminous) paint for the merking ‘of Ne ee 
between a black dial with markings filled with the ‘luminous ‘paint and-a dial.» 
completely covered with luminous paint upon which the markings were painted in 
black. The latter method he found produced the least glere Since it allowed.of 
a lower, brightness of paint being used with consequent reduction in radium con- 
tent and diminution in’ ‘injurious physiological: ‘effect. This method he stated 
helped to outline a submar ins control room in the’ évent of the failure of the: 
lighting system. Such a&@ scheme was difficult ‘to bey with” dy gonil dials. 7 
closely spaced markings. — 

_ Classification of Optical Instruments by the measurement of the .. 
snregegas of: Ube tcl PEA oi and - the trans Ses Lak a factors’ 


a special apie sede was tiséa for ‘this’ Heth? at an. Liaboprebings schetee a a 
small hole was drilled which could be made white or black" (by: placing’ behind’ it a 
black cavity). Opposite the hole was a collimating lense "'The sphere. was lighted — 

to a brightness of about 10 foot lamberts. Measurements of the drightnesé:of the 
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white and black spot without the instrument end through the instrument were made 
with a Pulfrich photometer. The former measurement gave the absorption in the 
instrument while the latter gave a value for the scatter in the optical system. 
The integrating sphere was used so that extraneous light entered the optical 
system from very wide angles as would happen under normal conditions of uses 
Thus the scattering coefficient so obtained took into account scatter from the 
walls and internal diaphragms which tended to reduce the clarity of the image. 
The method of testing is described in LIGHT, 1944. 


"With this apparatus samples of telescopes and periscopes fresh from the 
manufacturers were tested and, in addition instruments returning from servicéd 
at sea were investigated, often as the result of complaints from Naval Officers 
concerning the poor clarity of the image. In his experience increase in scatter 
was much more serious than loss in light transmission. The latter measurement 
alone he regarded as a poor criterion of performance. 


Selection of observers for Stereoscopic instruments 


"Tt was obvious that Schober had contributed nothing in this field, 
and had merely started to repeat investigations already carried out with appara- 


tus of the three=pin typee He gave no evidence of having made any new approach 
to the problem." 


J. Tunstead) Admiralty Research 
C. T. Wright) Laboratory 
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